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USAP  Conbracb  No,  AF  33(600)-22796«  The  contrary*  «■!.>  — j 

No.  bl7-l2(C-K),  "Confounding  of  Elastcmera,"  and  was  adnsiniatered 
der  the  direction  of  the  Materials  Laboiratory^  Dijrectorate  of  Research.  Wright 

ei^iSSi?”"  ^*"**''‘  as  project 


WADC  TR  51/^62 


J 

i 

AiiSTHACT  ^ 


llile  report  deals  vitli  the  deT«J.c^ment  of  a butyl  rubber  cocgscund  vlth  j 

reaui.si.te  phy»4ic*il  properties  for  fabricatiop.  into  iszier  tubes  for  aircraft  tires*  3 

i 

A large  nuniber  of  plastlclseris  of  widely  divergent  chemical  character-  ? 

Istics  were  e'/aluav-d,  with  special  empliasis  placed  ou  Idieir  low  tes^jcraturs  ^ 

properties  in  butyl  rubber  and  including  the  technique  of  using  high  blexk,  high  f 

plasticizer  with  a high  viscosity  elastciijier  , She  effect  of  zinc  oxide  content  In  ^ 

the  formula  was  determined*  Carbon  blacks  of  al 1 commercially  available  types  f 

were  compared  and  the  effect  of  the  varioujii  blacks  on  physical  properties, 
including  low  tenpersture  characteristics  were  determined.  On  blacks  producing  i 

highest  tensile  values,  series  of  tests  were  made  to  determine  the  loading  idiich  | 

produces  the  ag-riauw  physical  preperties*  A comparison  of  low  teBg>erature  proper-  J 

ties  is  made  of  the  available  coaowrcial  butyl  rubbers*  An  extensive  investigation  i 

of  an  outstanding  low  teog>eratiu:e  material.  Silicone,  was  carried  out*  | 

♦ 

On  plasticizers  which  produced  adequate  low  teiqperature  flexibility  in  ' 

butyl  rubber  a study  is  made  on  volatility  and  aigrutlon  of  the  plasticizer  from 
cured  compound  and  then  low  tesqierature  properties  determined  following  migration 
treatment  of  cured  tensile  sheets*  In  all  cases,  plasticizers  which  produced  the  I 

target  low  teq^erature  requirements  showed  poor  low  teiq;>erature  properties  follow-  I 

ing  migration  treatment*  ! 

i 

The  effect  of  inor^,  nlc  acceleration  and  of  the  recently  recommended  > 

processing  technique  of  high  teiq;>eratur«  mixing  was  investigated* 
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▼ 1 


INTRODUCTION 


Natiir&l  rubber,  the  elastomer  curreatly  used  Id  iuner  tubes  for  aircraft 
tires  is  transportsd  to  tbls  country  by  marl  elms  shi^fplcg  from  great  distances  and 
in  the  event  of  international  crisis,  there  is  a josslbility  this  supply  could  be 
cut  off  or  interrvqpted.  Under  such  clrcuasi^nces  it  is  highly  desirable  to  hare 
ar^ailablc  ;x  sateri?!  -shich  vlll  be  satisfactory  for  inner  tubes  for  aircraft  tires, 
end  since  at  sritlng  butyl  rubber  la  the  elastoaer  vlth  best  air  retentivlty, 
it  is  the  logical  material  for  this  applioatiGn.  esc  of  the  deficiencies  of  butyl 
rubber  in  inner  tubes  is  lack  cf  reslS.ienca  at  lev  tetsperatures. 

The  obieetirs  of  this  contract  is  the  develppoent  of  a butyl  rubber 
compound  imich  is  flexible  at  teaperatures  down  to  - 70°^.  In  coiqpound  derelopnent 
for  lov  tesperatijEres,  the  uRual  approach  is  the  sc 'Section,  of  suitable  plasticisers* 
A satisfactory  plasticizer  must  no.;  only  produce  satisfactoory  initial  lov  te^era- 
ture  properties  but  must  not  migrate  into  other  stocks  into  idiich  it  vlll  c«>ikie  in 
contact  and  must  not  be  lost  through  eatress  7Cl£tllitj. 

Only  through  the  use  of  the  finer  particle  carbon  blacks  can  the  requi- 
site physical  properties  be  met. 

As  to  processing  of  butyl  rubber,  this  is  a relatively  nev  art  and  it  is 
reasonable  to  ejmect  that  more  will  be  learned  which  viH  help  overcome  some  of  the 
deficiencies  of  this  eiastoefer.  Ey  virtue  cf  General  Tire’s  position  in  the  rubber 
industry  as  a fabricator  of  elastosers  cosssrclally  available  and  not  a producer  or 
manufacturer  engaged  in  the  development  of  nev  butyl  polymers,  this  development  is 
limited  to  a study  of  the  butyl  rubber  idiich  is  coBserclally  available*  Obviously 
the  method  of  attack  is  limited  to  co^tound  development*  While  development  of  a 
nev  elastomer  is  a possible  solution  to  tne  problem,  it  is  beyond  the  ecope  or 
rscllltiss  of  this 
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DISCQSSZON 


Cs  account  of  certain  physical  requlressnts  deened  essential  In  service 
conditions  to  idiich  they  are  subjected.  Inner  tubes  for  aircraft  tires  are  nov 
fabricated  froa  natural  3rubber.  Despite  si^erlor  air  retention  of  butyl  Inner 
tubes,  butyl  coq>ound8  currently  vised  In  clTlllan  a^'Dlleatlons  are  liutdequate  for 
■Ultar;'  service,  due  largely  to  deficiencies  In  physical  properties  and  lov 
temperature  flexibility*  On  account  of  the  extreiie  Importance  of  having  an 
elastoaer  'Hhleh  Is  dooestlcally  available  and  vhleh  does  not  require  importation, 
e^eclally  under  adverse  International  situations.  It  Is  highly  desirable  that  a 
butyl  inner  tube  compound  be  developed  which  vlU  possess  the  physical  properties 
and  lov  temperature  flQxlblllty  requireaents  specified  for  Inner  tubes  for  aircraft 
tires.  Qie  retentlvlty  of  air  vlth  butyl  rubber  Is  so  outstanding  as  compared  to 
other  elSLStoaers  froa  which  Inner  tubes  sight  or  could  be  fabricated  that  butyl  was 
selected  as  the  subject  for  this  Investigation.  Of  the  deficiencies  above  aentloned 
for  butyl  compounds,  It  was  agreed  at  the  start  of  this  Investigation  that  the  aost 
Important  requlreasnt  of  this  project  was  solution  of  the  lov  teiq>erature  flexi- 
bility problea.  It  was  furthersK>re  a^Ereed  that  certain  comproalses  could  be  aade 
on  the  o'^h/sr  physical  specifications  provided  a compound  was  developed  lAlch  pos- 
sessed the  required  lov  teim>erabure  flexibility. 

In  the  early  period  of  butyl  tube  manufacture  one  of  the  aajor  deficien- 
cies of  Inner  tubes  foraulated  frca  this  elastomer  was  lov  temparature  buckling, 
particularly  In  passenger  tires  where  the  tire  and  tube  underwent  considerable 
deflection.  This  condition  was  not  considered  a serious  problem  In  truck  tire 
Inner  tubes*  Through  an  extensive  development  program  conducted  by  some  of  the 
Inner  tube  oanvifacturers  and  producers  of  butyl  rubber,  lov  temperature  buckling 
has  been  almost  or  entirely  eliminated.  This  development  was  accomplished  by  the 
addition  of  relatively  large  quantities  of  moderately  lov  viscosity  mineral  oil, 
fluid  In  order  to  prevent  stocks  In  pirocess  froa  becoming  soft  and  mushy,  higher 
viscosity  butyl  polymers  were  made  available  to  the  Inner  tube  meuaufflteturerB  for 
use  with  the  hlcdi  oil  compounding  technique.  The  Introduction  of  high  oU/hlgh 
viscosity  polyser  In  Inner  tube  compounds  was  flwcoaqpanled  by  Increased  cflvrbon  black 
loflbdlngs,  idiich  flilso  Assisted  In  aulntfldnlng  the  desired  stiffness  In  the  uncured 
state.  Through  this  development  It  wois  noted  that  numerous  plasticisers  idilch  ajre 
capable  of  l^artlsg  desirable  lov  temperature  properties  to  a butyl  Inner  tube 
compound  have  a tendency  to  migrate  from  the  butyl  In^sr  tube  Into  adjausent  stocks. 
It  was  required,  therefore.  In  this  devclcpaent  that  any  plasticizer  In  order  to  be 
ol  value  In  this  explication  must  not  migrate  Into  other  etocks  with  idilch  the 
Inner  tube  comes  In  contact.  And  for.  purposes  of  migration  evaluation,  the  experi- 
mental compounds  were  placed  In  contact  with  a caturcLl.  rubber  airplane  tire  carcass 
conpound. 


In  the  developoksnt  of  elastomeric  compounds  for  lov  tenperature  service, 
the  result  Is  usueilly  achieved  by  selection  of  a proper  plasticizer,  flmd  for  this 
reeison  the  major  portion  of  this  development  deaQ^  with  plasticizer  evaluation. 
Most  of  the  materials  used  In  this  development,  therefore,  were  plasticizers  which 
had.  demonstrated  outstanding  lov  temperature  characteristics  In  other  elastomers 
or  haul  promise  because  of  desirable  viscosities  and  pour  points  at  lov  temperature. 
An  essentlflLL  requirement  for  materleils  used  In  butyl  iTormulatlons  is  that  they 
possess  little  or  no  chemical  unsaturation.  However,  due  to  Insufficient  informei- 
tlon  furnished  by  some  sippllers  regarding  characteristics  or  constitution  of 
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their  materials,  soiae  items  were  Investigated  tmich  vere  Inconqpatlble  and  on 
account  uf  chemical  unsaturation  failed  to  cure. 


Based  on  observations  and  data  obtained,  the  plasticizers  Investigated  In 
this  development  vere  classified  In  the  foUovlng  three  categories: 

a.  Plasticizers  lncoim)atlble  vlth  butyl  rubber. 

b.  Plasticizers  vlth  Inadequate  freeze  resistance. 

c.  Plasticizers  producing  adequate  freeze  resistance. 

PlASTICTV.Tnis  IMCOMPATIBLE  HITS  BWTL  ROBEER 

Materials  in  this  category  are  pleistlclzers  described  by  the  sv^pllers  as 
glycol  derivatives,  trlglycol,  polyalkylene  glycol,  glycol  eaters,  polyesters, 
polyethers,  rlclnoleates  and  derlvatlVs^s,  trlbutoxyethyl  phosphate,  trlbutyl  phos- 
phate, dlbenzyl  ether,  dlbutyl  aconltate  and  Atlas  Povder's  Pycal  70. 

1.  #hl4l  - C.  P.  Hall  Co. 

A glycol  fatty  acid  ester..  Supplier  states  this  material  Is 
similar  to  plasticizer  SC. 

2.  Plasticizer  SC  - Harvlck  Standard  Chemical 

A trlglycol  ester  of  a vegetable  oil  fatty  acid. 

3.  Plasticizer  DP-520  - Harvlck  Standard  Cbemlcl 
A polyester. 

h.  KP-140  - Ohio  Apex  Inc. 

Trlbuto^ethyl  phosphate. 

P-1  - Baker  Castor  Oil  Co. 

Methyl  rlclnoleate. 

6.  P-8  - Baker  Castor  Oil  Co. 

Glyceryl  trlaceto  rlclnoleate. 

7.  TP  90  B - Thlokol  Corp. 

High  molecular  velght  polyether. 


8.  UcoQ  I£>65  - Carbide  & Carbon  Chemicals 


Polyalkylene  glycol.  Water  insoluble,  low  molecular  velght 
and  lov  pour  point. 

9.  Dibutyl  maleate  - Carbide  St  Carbon  Chemicals 

10.  Tributyl  phosphate  - Ohio  Apex  Inc. 

11.  Dibengyl  ether  > Heyden  Chemical  Co. 

12.  PycaJ  70  - Atlas  Powder  Co. 

No  information  ox'  description  disclosed. 

13.  Dibutyl  aconitate  - C.  P.  Na3J.  Co. 


PlASnCIZERS  WITH  IHADEOmSE  FREEZE  RESIST/^CE 


1.  Plasticizer  KT-Sll  - Harvick  Standard  Chemical 

Condensation  product  of  a polyhydric  alcohol  with  an  alpha  - 
omega  dlcarbo3Qrllc  acid. 


2.  VR~i  Este 
Division' 


- General  Tire  St  Rubber  Co.,  Chemiceil 


A sebaclc  acid  ester. 


3.  Dlbutyl  sebacate  - Resinous  Products  Corp. 

4.  Adipc'l  ODY  - Ohio  Apex  Inc. 
n-Oc^l  decyl  adipate. 

5.  Obopex  R-9  - Ohio  Apex  lao. 


Not  disclosed. 


6.  KP-555  - Ohio  Apex  Inc. 

Blsdlmethylbenzyl  ether. 


- Rohm  Si  Baas 


Monomeric  ester. 


8.  Silicone  oils. 


These  oils  are  linear  polyuers  with  alternate  atoms  of  silicon 
and  o^gen.  Organic  groups  are  attached  to  the  silicon  atoD». 


H4DC  •m  $4>c2 


s 


The  siliconeB  are  characterized  by  retention  of  fluidity 
at  very  lov  te^eratures. 

a.  Silicone  L-^l  is  the  commercial  designation  of 

the  silicone  oils  where  the  organic  groups  are  ethyl. 

b.  Silicone  L-k^  is  the  commercial  designation  ol  the 
silicone  oils  where  the  organic  groups  are  metliyl. 

c.  Silicone  DC-510  fluid.  This  is  a methyl  ethyl 
derivative.  Freezing  point  ranges  below  -70°C.  and 
is  recommended  where  extremely  luw  temperatures  are 
Involved.  This  silicone  exhibits  the  best  lov 
teoperature  properties  of  all  the  silicone  fluids. 
Viscosity  la  50  certietoVea. 


PIASTICIZERS  PRODUCIMG  ADEQUATE  FREEZE  RESISTAMCE 


The  requirements  on  low  tec^rature  specified  in  MZL-T^501^B  for  inner 
tubes  for  aircraft  tires  specify  flexibility  at  -70°F.  (-57^0.)  as  measured  "by 
ASW  Test  D746-44T.  This  requirement  was  met  by  the  following  plasticizers: 

1.  Plasticizer  3690-A  - C.  P.  Hall  Co. 

Dicarboxylic  acid  ester. 

2.  Adipol  2 ES  - Ohio  Apex  Inc. 

Di  - 2 - ethyl  hexyl  adipate. 

3.  10-A  plasticizer  - Ohio  Apex  Inc. 

Di-iso-octyl  adipate. 

4.  Dl-2-etbyl  hexyl  ether  - Carbon  & Ccurblde  Chemical  Co. 

5.  Butyl  CellOBOlve  pelorgonate  - C.  P.  Ibll  Co. 

Sster  of  n-Donylic  acid. 

6.  Butyl  Carbitol  pelorgonate  - C.  P.  Hall  Co. 

7.  Di isobutyl  az elate  - C.  P.  Hall  Co. 

Ester  of  nonanedioic  6w:id. 

6.  Moneplex  D(^  - Rohm  & Haas 


Dioctyl  sebacate. 
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9.  Hexyl  et-her  - Carbide  & Carbon  Chemical  Co. 

10.  Trloctyl  phosphate  - Carbide  & Carbon  Chemical  Co, 


Brittle  points  for  all  of  the  above  plasticizers  are  alaxjst  alike,  that 
la,  there  Is  but  a fev  degrees  difference  between  the  poorest  and  the  best. 
same  edso  holds  true  for  the  physical  propercles  In  that  no  major  differences  are 
noted  for  any  of  the  above  materials.  It  Is  Interesting  to  note,  however,  that 
alaiost  without  exception  the  ester  plasticizers  produce  a more  resilient  con^Msund 
than  that  produced  by  a paraffinic  type  mineral  oil  used  In  manxifacture  of  inner 
tubes  for  truck  and  passenger  tires. 

Additions^.  i!:i^>rovement  can  be  obte..ned  In  low  tetsperature  flexibility  with 
some  plasticizers  by  the  use  of  Incresised  plasticizer.  With  increased  plasticizer 
the  additional  increment  Is  accoomanied  by  a corresponding  Increase  in  carbon  black 
In  order  to  maintain  stock  plasticity  which  will  permit  normal  factory  processing. 
Normal  plasticizer  Is  considered  as  In  the  range  of  20  to  25  parts  per  100  parts 
rubber  hydrocarbon. 

There  was  some  oveii'lapplag  between  grovqps  2 and  3 la  that  with  lover 
loadings  (20  parts)  the  brittle  point  of  the  resultant  coa9>ound  was  unsatisfactory; 
whereas,  with  Increased  amount  of  plasticizer  a satisfactory  brittle  point  was 
obtained.  Therefore,  In  the  data  tables  some  plasticizers  may  i^ear  In  both  gro\q>s 
2 and  depending  on  concentration  of  plasticizer  used.  For  Instance,  C.  P.  Han 
3890-A  produces  satisfactory  brittle  point  with  25  parts  plasticizer  but  Is 
deficient  with  20  parts  plasticizer. 

»tetcrlals  producing  satisfactory  low  ten5>erature  properties  wsre  further 
evaluated  for: 

1.  VOIATIUTY  of  tho  plasticizer  from  the  cured  compound. 

2.  MIGRATION  of  the  plasticizer  from  owed  butyl  stock  to  an 
adjacent  natured  rubber  stock  of  the  type  airplane  inner 
tubes  would  contact.  For  the  adjacent  natural  rubber  stock, 
cooqpound  K-8,  General  Tire's  airplane  tire  carcass  coiiQ>ound 
was  used,  with  testing  details  as  described  under  heading 
"testing  methods  and  procedures." 

Tensile  slabs  placed  In  contact  with  natural  rubber  carcass  stock  for 
aircraft  tires  were  then  tested  for  brittle  point  to  determine  effect  of  loss  of 
plasticizer  through  migration,  Essentielly,  the  migration  test  Involves  a pressure 
on  an  assembly  consisting  of  a sheet  of  eigperlmental  compound  placed  between  two 
sheets  of  aircraft  tire  carcaas  stock  and  xhe  asseihbly  placed  in  an  oven  for  28 
days  at  70°C.  Pclloving  this  treatment,  low  teqperature  flexibility  of  the  ex^ierl- 
mental  compounds  Is  seriously  Impaired  and  a^ln  the  brittle  point  data  for  the 
various  plasticizers  Is  approximately  equal  within  experimental  error.  On  the 
other  hand,  a compound  containing  no  plasticizer  when  subjected  to  the  same  treat- 
ment was  improved  In  low  temperature  flexibility  and  after  migration  comes  with 
about  the  same  brittle  point  as  the  coc^pounds  containing  plasticizer.  Ho  sxpla= 
nation  Is  offered  for  this  unusueo.  phenomenon. 


This  fact  vas  learned  .iuat  prior  to  the  e:)iplratlon  of  this  contrswst  and 
time  did  not  allow  further  Invei’tigatlon  along  this  line.  E^lanatlon  for  this 
Inqproved  low  tenqperatuis  proi>erty  r-a  uiqplastlcized  stock  might  be  an  laQ>ortant  stop 
toward  solution  of  this  problem.  There  is  no  apparent  relationship  after  migration, 
between  the  amount  of  plasticizer  retained  and  low  temperature  flexibility.  This 
is  shown  In  the  data  where  with  approximately  the  same  plasticizer  level  the  dif- 
ference In  brittle  point  before  and  after  udgratlon  Is  considerable.  It  was  also 
noted  that  the  migration  test  resulted  In  considerable  Increase  In  Shore  Hardness 
on  plasticized  stock.  Stock  without  plasticizer  shows  no  hardness  change  after 
migration  treatment.  No  other  physical  properties  were  measured  on  the  esqperl- 
menteil  stocks  after  migration. 

In  addition  to  an  extensive  study  of  various  plasticizers,  plasticizer 
combinations,  etc.,  this  program  covered  a study  of  the  effect  of  different 
coifloerclally  available  types  of  butyl  rubber  on  low  teiqperature  brittle  point,  and 
sklong  this  line  the  manufaicturers  of  butyl  rubber  were  contacted  In  an  effort  to 
obtain  experimental  polymers.  However,  we  were  Informed  that  no  experimental 
polymers  were  available  for  this  development. 

CommeroiaU^,  four  grades  of  butyl  are  available,  with  the  difference  In 
these  being  In  the  percentage  of  Isoprene  which  Is  eopolymerlzed  with  Isobutylene 
In  preparation  of  the  pclyssr.  These  available  grades  of  butyl  contain  1.0,  2,0, 
2.5,  ar.i  3.0  per  cent  of  Isoprene.  These  four  grades  were  Investigated,  evaluated, 
and  compared  for  low  teiqperature  properties.  From  one  of  the  manufacturers  of 
butyl  rubber  It  was  learned  that  polymers  had  been  prepared  In  iriilch  different 
amounts  of  styrene  were  used,  and  the  polymers  evaluated  for  low  -bsii^erature 
properties.  The  report  was  that  the  styrene  polymers  were  no  better  at  low  tenper- 
atures  than  the  regular  butyl  which  contains  Isoprene. 

Commercial  carbon  blacks  of  different  particle  size,  of  diverse  methods 
of  manufacture,  etc.,  were  Investigated  to  determine  their  effect  on  brittle  point 
suid  on  physical  properties,  and  It  was  noted  that  brittle  point  on  the  various 
blacks  was  almost  the  same  except  for  the  extreme'.,;  fine  particle  blacks,  SAF  and 
EPC,  both  of  which  Imparted  less  desirable  low  teiqperature  propez'tles  than  did  the 
coarser  blacks.  If  maintaining  highest  possible  tensile  strength  In  a butyl  Inner 
tube  Is  Iqportant^tben  with  either  SAF  or  EPC  blacks,  the  black  loading  should  be 
In  the  range  of  35  parts  per  100  BBC  (rubber  hydrocarbon).  At  this  loading,  maximum 
tensile  values  are  developed  end  decresuie  with  successive  load  increments.  In  this 
reeqpect  butyl  differs  with  the  comax)nly  used  synthetic  rubbers  which  esdilblt  maxi  mam 
tensile  values  with  loadings  of  5o  and  more  of  carbon  bls^'k. 

Whereas,  the  above  discussed  components  of  a butyl  Inner  tube  compound, 
that  Is,  polymer,  plasticizer,  and  carbon  blacks  are  the  major  constituents  In  the 
composition,  several  other  Ingredients  idilch  are  present  only  In  smaller  amount 
were  Investigated  and  the  effect  of  their  variation  noted.  In  this  classification, 
lAlch  might  be  considered  as  of  nlDor  Isgportanee  in  the  butyl  Inner  tube 
formula,  are  zinc  oxide,  the  vulcanization  accelezmtor  activator,  speclsiL  compound- 
ing Ingredients,  peroxide  curing  agents,  auid  effect  of  high  -cemperatufa  proceaalng 
on  a butyl-carbon  black  mixture  In  a a^arate  hi^  temperature  mixing  stage, 
carried  out  prior  to  coflqpletlon  of  the  final  mix. 

In  addition  to  the  Items  Above  mentioned,  the  Investigation  Included  some 

which  do  not  fall  In  any  of  the  above  classif Icatlons  and  ars  here  listed 
as  special  materials.  In  this  listing  are  the  following: 
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Tellurac  - R.  T.  Vanderlsilt  Co 


Tellurium  Uettayld-ithiocarbamate. 
2.  Polyac  - £.  I.  du  Font  de  HemourB. 
poly  p-dloitroBo  benzene. 


A recent  coomunlcatlon  from  Esso  laboratories  indicated  outstanding 
i^prorement  in  rebound,  modulus  and  physical  properties  generally,  by  mixing  and 
adjung  carbon  black  to  butyl  in  the  Banbury  at  teBQ>eratures  in  excess  of  4009F. 
PlasticlzerB  incidentally  were  added  in  a subsequent  mix  and  at  normal  processing 
tenperatures,  220  ->  2^0^.  The  iBQ>roved  rebound  obtained  through  this  treatment 
indicated  a x>os8ibility  for  liqproved  lev  tenperature  flexibility  and,  consequently, 
the  suggested  reconmendatlons  vere  investigated.  This  processing  technique 
effected  an  inprovement  in  lov  teiqperature  properties  on  the  stock  before  migration 
treatment;  hovever,  after  migration  lov  temperature  brittle  point  vas  the  same  on 
the  high  temperature  mixed  stock  as  that  of  the  normal  mix. 

The  f olloving  butyl  rubber  inner  tube  conpound  vlU  meet  the  military 
requirements  includii'tg  lov  teoperature  brittle  point  of  -70^. 


Qti-I  18  100 

Zinc  Oxj.de  5 

Polyac  0,4 

Philblack  E or  ETC  Black  35  - **5 

Plasticizer*  20-25 

Captax/Tuads  1.54 

(1:2  Blend) 

Sulfur  2 


*Any  one  of  the  plasticizers  or  a combination  of  same  from  the  list  of 
plasticizers  vltb  satisfactory  freeze  resistance. 


Sl»4MARf  AHD  CONCLUSIONS 


Plasticizers  vere  coiqpounded  into  butyl  tube  stock  formulations  \dilch 
produced  satisfactory  lov  temperature  properties,  that  is,  brittle  points  of  -70°P. 
or  lover.  Unfortunately,  in  the  laboratory,  f olloving  migration  tests  used  for 
evaluation  of  the  experimental  coiqpounds,  t^  desirable  lov  temperature  properties 
vere  not  retained.  It  is  not  knovn  idiether  the  laboratory  conditions  as  used  are 
more  or  less  severe  than  service  conditions.  It  is  recoaneeded,  therefore,  that  to 
properly  evaluate  some  of  the  suggested  plasticizers  that  inner  tubes  for  aircraft 
tires  be  fabricated  using  some  of  the  plasticizers  tdilch  exhibited  satisfactory  lov 
teoperature  flexibility  and  that  the  tubes  be  tested  both  before  and  after  a 
definite  number  of  landings  idien  mounted  in  airplane  tires. 
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Recults  of  this  work  deiaoaatr&te  that  certain  plasticizers  will  produce 
adequate  low  temperature  flexibility  according  to  laboratory  tests;  howevei',  it  was 
found  that  the  plasticizers  are  not  adequately  retained  when  placed  in  contact  with 
a natural  rubber  compound,  or,  in  other  words,  migrate  to  the  rubber  co!iq>ound. 

Some  of  the  plasticizers  produced  improved  brittle  points  with  increased 
plasticizer.  The  range  of  investigation  covered  20,  25  and  in  some  instances  30 
parts  plasticizer  per  100  parts  butyl  rubber. 

Butyl  polymers  with  varying  percentages  of  isoprene  and  resulting  vari- 
ation In  degree  of  chemiced.  unsaturation  showed  slight,  if  any,  differences  in  low 
temperatxire  flexibility. 

An  investigation  of  the  low  tesqperature  properties  of  different  carbon 
blacks  showed,  except  for  the  extremely  fine  particle  size  blausks,  no  difference  in 
brittle  point.  With  EPC  and  SA?  blacks,  brittle  points  are  not  aa  low  as  with  tb^ 
coarser  blacks.  However,  only  these  two  blacks  will  meet  the  military  specifi- 
cations on  tensile  strength  for  cooq;>ounds  for  inner  tubes  to  be  used  in  aircraft 
tires.  With  these  two  blacks,  maximum  tensile  values  are  obtained  with  3^  to  40 
parts  black  per  100  parts  rubber  hydrocarbon.  Increased  black  loadings  result  In 
lover  tensile  strength. 

No  significant  differences  were  noted  with  variation  in  zinc  oxide;  how- 
ever, Indications  are  that  with  higher  amountti  of  zinc  oxide,  brittle  points  are 
poorer.  Therefore,  the  recommended  amount  of  zinc  oxide  is  5 parts  per  100  parts 
rubber  hydrocarbon.  This  is  the  conventional  amount  used  for  activation. 

Of  the  special  materials  investigated,  silicones,  peroxide  curatives, 
etc.,  no  Improvement  was  obtained  in  low  tenperature  flexibility. 

The  more  recently  recommended  technique  for  mixing  butyl  rubber  compounds 
at  high  tenperatures,  in  excess  of  400^.,  failed  to  show  appreciable  inprovenent 
in  low  teaperatinre  flexibility  or  of  plasticizer  retent ivity  in  butyl  rubber. 


TESTING  METHODS  AND  PROCEDURES 


Preparation;  A.S.T.M.  D 15=50T 

This  procedure  is  followed  with  the  exceptions  here  listed. 

The  batch  is  mixed  in  a 1100  cc.  volume  laboratory  Beuabury  in  which 
all  materials  are  added  except  sulfur  and  accelerator.  The  Banbury 
batch  is  sheeted  on  laboratory  mill,  allowed  from  two  to  four  hours 
for  cooling,  and  sulfur  and  accelerator  then  added  on  6x12  mill. 

Stress  Strain  (Tensile)  etc.;  A.S.T.M.  D 412-49T 

Tear;  Crescent  Method  A.S.T.M.  D 62h-40 

Hardness:  Shore  Durometer  Type  A A.S.T.M.  D 6t6-49T 
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Rtf'bound;  Goodyear -Healy  A.S.T.M.  D 1054-49T 

Lov  Teogerature  Embrittlement;  American  Cyanamide  - Graves 

Modified  A.S.T.M.  D 746-»i4r 

Test  piece  1.5"  x 0.25"  x 0.075" 

Test  pieces  arc  conditioned  for  2.5  minutes  at  the  testing 
tenQ>erature.  At  the  end  of  this  period  the  test  pieces  are 
subjected  to  dei'lection  and  then  examined  for  failure.  A 
failure  is  considered  to  have  occwred  if  bhe  test  piece  is 
broken  into  tvo  8ex>arate  pieces.  A cracked  or  partially  broken 
test  piece  is  not  considered  a failure. 

For  prelimloEkry  investigation  two  test  pieces  are  used  at  each 
testing  teiiQ>erature.  At  the  final  temperature,  10  test  pieces 
are  used  and  5 oz*  more  oust  pass  for  an  OK. 

Considerable  controversy  is  encountered  on.  the  merits  of  various 
low  teiqperaturc  test  :sethods.  Our  use  of  the  Graves  appairatus 
shall  not  be  construed  as  approval  of  this  method  and  no  attenpt 
will  be  made  to  discuss  the  relative  merits  of  the  various  test 
methods  sluG  testing  procedures.  However,  suffice  it  to  say  that 
the  Graves  apparatus  is  nov  used  for  evaluation  of  conpcunds  for 
inner  tubes  for  aircraft  and  for  this  reason  was  selected  for 
determining  the  brittle  point  data  shown  in  this  report. 


TR  Test: 


This  test  is  used  for  determining  the  freezing  point,  lov 
temperature  elasticity  and  crystallization  tendencies  of  rubber 
and  rubber- like  materials.  Details  of  this  test  eure  described 
in  India  Rubber  World  19^1^  Volume  12k,  Page  l80. 

Test  piece.  Constricted  portion  4.0"  x .075"  x .075"  with 
tabby  ends  0.25"  square. 

Original  elongation  50^ 

Freezing  temperature  '89°F. 

Conditioning  period  2.5  min. 

Teng)erature  rise  1.8°F. 

It  will  be  noted  in  the  data  in  this  report  that  the  temperature 
at  40^  retraction  show  good  agreement  wihh  brittle  point  tenperature 
as  determined  by  the  Graves  apparatus. 


Volatility  Test : 


A.  On  plasticizer  ixself 


Heat  a 10  gram  sample  in  a glass  petrl  dish  whose 
diameter  is  approximately  2.5  inches.  If  available 
use  an  oven  having  a rotating  shelf. 


Heat  5 hours  <3  325°P. 
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On  coaqpounded  stock 


Using  a sangjle  from  a v^ensile  sheet,  (approximately 
•075"  gauge)  cut  2"  x 1"  euid  determine  loss  under 
foliovln/i  conditions: 


70  hours  3 212°?. 
kQ  hours  8 300°F. 


Migration  Test: 


I 


Cut  a piece  of  e^erimental  stock  from  a tensile  sheet  (approximately 
.075"  sauge)  2”  X 1”  and  place  between  two  sheets  of  airplane  tire 
carcass  stock  of  the  same  size,  wrap  the  assemuly  In  aluminum  or 
other  metallic  foil  and  place  between  8"  x 10"  sheets  of  plate  glass. 
The  load  on  the  test  pieces  shaDJ.  be  1 kilogram  per  square  inch  of 
saeple  area. 

The  assembly  shall  be  placed  in  lin  oven  at  15d°F. 

The  assembly  and  the  exiaerimental  stock  shall  be  weighed  at  24  hour 
Intervals  for  the  first  four  days  and  at  weekly  intervals  for  a period 
of  four  weeks. 


A.  PIASTICIZERS  INCOMPATIBLE  WITH  BUTXL 


Formula  for  plasticizer  evaluation: 


(»-I  18 

100 

Zinc  Oxide 

5 

MAF  Black 

55 

Captax/Tuads 
(1:2  Blend) 

1.54 

Sulfur 

2 

Plasticizer 

Variable 

Curing  Temperature 

287^. 
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TABLE  I,  Modulus  @ 300^  - Pounds  per  square  Inch 


Parts 

100  Gk-I  10  Min.  20  Min.  30  Min.  45  Min. 


C.  P.  Hall  ^l4l 
i C.  P.  Hall  i^lkl 

Plasticizer  SC 
Plasticizer  SC 
Plast  DP-200 
Plast  DP-200 
Plast  DP-520 
Plast  DP-520 
Plast  SC 
& Silicone  L-45 
» KP-140 

KP-140 
P-1 
P-1 

>-  P-8 

P-8 
TP90B 
Ucon  LB-65 
Dcon  IB-65 


TABLE  II.  Tensile  @ Break  - 

Pounds  per  square  inch 

1 

1 

C.  P.  HaU  #4l4l 

20 

1575 

1800 

1750 

1625 

f 

C.  P.  Hall 

25 

1500 

1800 

1600 

1700 

t 

Plasticizer  SC 

20 

1575 

1925 

1725 

1725 

& 

Plasticizer  SC 

25 

1200 

16OU 

1600 

1600 

a 

Plast  DP-200 

20 

IS  5 

1725 

1625 

1550 

i 

Plast  I'P-200 

25 

1375 

1750 

1900 

1775 

If 

Plast  DP-520 

20 

»3 

HC 

HC 

HC 

$■ 

Plast  DP-520 

25 

HC 

HC 

NC 

NC 

V 

(■% 

Plast  SC 

(20) 

1600 

1650 

1550 

1450 

a. 

& Silicone  L-45 

( 5) 

1800 

1 

kp-i4o 

20 

1500 

1825 

1900 

V 

kp-i4o 

25 

1050 

1775 

1800 

1925 

r- 

P-1 

20 

HC 

HC 

NC 

NC 

f- 

P-1 

25 

HC 

NC 

NC 

HC 

V* 

P-8 

20 

HC 

HC 

HC 

NC 

P-8 

25 

HC 

NC 

HC 

HC 

TP90B 

20 

1725 

1950 

1900 

1725 

TP90B 

25 

1450 

1850 

1875 

1800 

r 

■'■if 

i 

Ucon  IB-65 

20 

1300 

1850 

1750 

1650 

t 

f 

Ucon  IB-65 

25 

1000 

1675 

1700 

1600 

i 

f 

¥ 

HC  Indicates  no  cure. 

20 

275 

475 

60C 

700 

25 

175 

325 

425 

500 

20 

225 

400 

475 

625 

200 

400 

450 

600 

20 

125 

225 

275 

325 

25 

150 

250 

325 

375 

20 

NC 

HC 

NC 

HC 

25 

HC 

HC 

NC 

HC 

(20) 

( 5) 

250 

425 

550 

650 

20 

150 

350 

450 

500 

25 

150 

350 

350 

450 

20 

HC 

HC 

HC 

HC 

25 

NC 

HC 

X 

NC 

20 

HC 

HC 

HC 

HC 

25 

HC 

HC 

HC 

NC 

25 

150 

350 

450 

550 

20 

150 

375 

475 

550 

25 

50 

325 

350 

450 

60  Min» 

750 

600 

725 

700 

325 

450 

NC 

NC 

725 

550 

500 

HC 

NC 

NC 

HC 

650 

650 

550 


1475 

1625 

1675 

1525 

1525 

1800 

HC 

HC 

1500 

1700 

1750 

HC 

NC 

HC 

NC 

1650 

1650 

1500 

1450 


TABI£  III  • Elongatloa  Q Break  - per  cent 


Parts  Per 


100  (SR-I 

10  Min. 

20  Min. 

30  Min. 

45  Kin. 

60  Min. 

C.  P.  Hall  Hklkl 

20 

71*0 

690 

610 

565 

500 

C.  P.  Hall  #4l4l 

25 

810 

725 

6^:5 

605 

570 

Plasticizer  SC 

20 

790 

710 

660 

600 

555 

Plasticizer  SC 

25 

860 

7U0 

765 

660 

625 

Plast  nP-200 

20 

765 

745 

705 

650 

620 

Flast  DP-200 

25 

930 

765 

725 

685 

675 

Plast  DP-520 

20 

HC 

HC 

HC 

NC 

NC 

Plast  DP-520 

25 

HC 

NC 

KC 

NC 

NC 

Plast  SC 
& Silicone  L-45 

(20) 

( 5) 

755 

655 

610 

560 

530 

kp-i4o 

20 

890 

715 

680 

645 

610 

kp-i4o 

25 

1020 

jitO 

730 

690 

650 

P-1 

20 

HC 

NC 

NC 

NC 

NC 

P-1 

25 

NC 

NC 

NC 

NC 

NC 

P-8 

20 

NC 

NC 

NC 

NC 

NC 

P-8 

25 

NC 

NC 

NC 

NC 

HC 

TP9OB 

20 

795 

665 

600 

550 

510 

TP9OB 

25 

610 

655 

660 

615 

555 

Ucon  LB-65 

20 

820 

710 

670 

625 

575 

Ucon  LB-65 

25 

1070 

710 

655 

625 

570 

TABLE  IV.  Tear 

- pounds  per 

inch 

C.  P.  Hall  jj/Ulkl 

20 

240 

239 

190 

168 

158 

C.  P.  Hall  t^f4l4l 

25 

196 

205 

187 

183 

147 

Plasticizer  SC 

20 

230 

240 

202 

193 

150 

Plasticizer  SC 

25 

181 

239 

265 

266 

268 

Plast.  DP-200 

20 

212 

226 

200 

165 

144 

Plast.  DP-200 

25 

216 

274 

252 

202 

190 

Plast.  DP- 520 

20 

NC 

NC 

NC 

NC 

NC 

Plast.  DP-520 

25 

NC 

NC 

NC 

NC 

HC 

Plast.  SC 

(20) 

2l4 

210 

188 

143 

195 

& Silicone  L-45 

( 5) 

kp-i4o 

20 

230 

232 

242 

182 

176 

kp-i4o 

25 

174 

207 

21U 

171 

178 

P-1 

20 

NC 

NC 

HC 

NC 

NC 

P-1 

25 

NC 

NC 

NC 

NC 

NC 

P-8 

20 

HC 

NC 

NC 

NC 

HC 

TP9OB 

20 

220 

220 

202 

176 

161 

TP9CB 

25 

179 

216 

188 

149 

134 

Ucon  IB-65 

20 

158 

260 

196 

153 

134 

Ucon  IBi^5 

25 

128 

224 

187 

168 

136 

NC  indicates  no  ctxre. 
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table  V 


Hardness  (Shore  Puroneter  Type  A) 


Par^8  Per 

100  ®-I  1C  Min.  20  Min. 


30  Min.  45  Min,  6o  Min, 


I 

fe- 


f'. 

«; 


I 


C.  P.  Hall  #4l4l 

20 

38 

42 

44 

46 

48 

C.  P.  Hall  jji4l4l 

25 

35 

39 

40 

42 

44 

Plasticizer  SC 

20 

36 

39 

4i 

44 

46 

Plasticizer  E 

25 

35 

38 

39 

*■1 

43 

Plast.  DP-200 

20 

35 

4o 

42 

44 

45 

Plast.  DP-200 

25 

35 

37 

39 

4o 

4o 

Plast.  dp-520 

20 

NC 

NC 

NC 

NC 

NC 

Plast.  DP-520 

25 

NC 

NC 

NC 

NC 

NC 

Plast.  SC 
& Silicone  L-45 

(20) 

( 5) 

38 

40 

42 

45 

46 

kp-i4o 

20 

35 

40 

42 

44 

44 

KP-140 

25 

34 

36 

38 

4o 

42 

P-1 

20 

NC 

NC 

NC 

NC 

NC 

P-1 

25 

NC 

NC 

NC 

NC 

NC 

P-8 

20 

NC 

NC 

NC 

NC 

NC 

P-8 

25 

NC 

NC 

NC 

NC 

NC 

TP90B 

20 

37 

k) 

43 

45 

46 

TP90B 

25 

34 

38 

40 

42 

44 

Ucon  LB-65 

20 

36 

4o 

44 

45 

46 

Ucon  LB-65 

25 

34 

39 

41 

43 

45 

NC  Indicates  no  evore. 
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'I.  ‘ 


vf 


TABLE  VI.  Rebound  (Goodyear-Healy)  6o  Min,  @ 2dj^F, 

Embrittlement  (American  Cyanamide-Graves)  60  Min.  @ 287°F. 

TR  (405t  Retraction— Original  Elongation  50^)  6o  Min.  @ 287°F. 


Par-bs  Per 


100  GR-I 

Rebound 

Embrittlement 

TR 

C.  P.  Hall  #4141 

20 

51^t 

OK  @ 

-58°F. 

-38°P 

C.  P.  Hall  #4l4l 

25 

49.6 

ff 

-540 

Plasticizer  SC 

20 

50.6 

U 

-540 

.2k^ 

Plasticizer  SC 

25 

49.6 

ft 

-600 

-I90 

Plast.  DP-200 

20 

32.9 

tf 

-56° 

.540 

Plast.  DP-200 

25 

4l.l 

n 

-58° 

-53° 

Plast.  DP-520 

20 

NC 

NC 

NC 

Plast.  DP-520 

25 

NC 

NC 

NC 

Plast.  SC 

(20) 

47.8 

OK  @ 

-42° 

& Silicone  L-45 

( 5) 

kp-i4o 

20 

a. 

kp-i4o 

25 

36.1 

- 

- 

P-1 

20 

NC 

NC 

NC 

P-1 

25 

NC 

NC 

NC 

P-8 

20 

NC 

NC 

NC 

P-8 

25 

NC 

NC 

NC 

TP90B 

20 

46.4 

OK  @ 

-670 

-58° 

TP90B 

25 

46,9 

- 

- 

Ucon  LB-65 

20 

4i,6 

OK  © 

-60° 

-52° 

Ucon  LB-65 

25 

41.6 

II 

-60^^ 

-53° 

1 

I 

i 

0 

M 

5 

A 

■V 

i 

i 

i 

i 


I 


NOTE: 

No  physical  data  is 

shovn  on  the  foUoving  plasticizers  which  are 

incoiqpatible  in  butyl  rubber. 

a. 

Dibutyl  Q»leate 

b. 

Tributyl  phosphate 

c. 

Dibenzyl  ether 

d. 

Pycal  70  - From  Atlas  Powder  Co , 

e. 

Dibutyl  aconitate  - C,  P.  Hall  Co, 

NC  Indicates  no  cure* 
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ZABLE  VII  „ TR-  Temperatxire  Retargction 
Cure  60  @ 287°F. 

Teoperature  data  in  minus  degrees  Fahrexihelt  for  percentage 
retractions  (T-1,  T-2,  etc.)  indicated. 


Parts  Per 


100  OR-I 

Z-1 

Z-2 

T-3 

T-10 

T-20 

C.  P.  Hall  #4llfl 

20 

89°F. 

87®P. 

82°P. 

74PF. 

63®P. 

53°F. 

450? 

c.  p.  Hall  i'4i4i 

25 

- 

89 

87 

74 

63 

51 

42 

Plasticizer  SC 

20 

89 

78 

67 

55 

4o 

31 

Plasticizer  SC 

25 

89 

78 

67 

51 

36 

26 

Plasticizer  BP-200 

20 

89 

85 

83 

76 

71 

63 

58 

Plasticizer  DP-200 

25 

83 

83 

78 

73 

69 

52 

56 

Plasticizer  DP-520 

20 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

Plasticizer  DP-520 

25 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

Plasticizer  SC 

(J20) 

85 

83 

78 

73 

65 

55 

49 

& Silicone  L-45 

( 5) 

P-1 

20 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

P-1 

25 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

P-8 

20 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

P-6 

25 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

ZP90B 

20 

<■> 

89 

87 

80 

73 

65 

60 

Ueon  IB-65 

20 

- 

87 

83 

76 

70 

63 

58 

Ucon  LB-65 

25 

- 

87 

83 

76 

70 

63 

56 

Parte  Per 

100  ra-i 

Z-40 

Z-50 

T-60 

Tdo 

Z-80 

C.  P.  Hall  |4l4l 

20 

38 

31 

25 

15 

9 

/ i 

C.  P.  Hall  #4l4l 

25 

36 

27 

18 

13 

8 

/ 9 

Plasticizer  SC 

20 

24 

17 

11 

9 

1 

/ 9 

Plasticizer  SC 

25 

19 

13 

10 

8 

/3 

/14 

Plasticizer  DP-200 

20 

54 

51 

46 

4l 

33 

18 

Plasticizer  DP-200 

25 

53 

47 

42 

36 

27 

7 

Plasticizer  DP-520 

20 

HC 

HC 

HC 

HC 

HC 

HC 

Plasticizer  DP-520 

25 

HC 

HC 

HC 

HC 

HC 

HC 

Plasticizer  SC 

(20) 

42 

36 

29 

20 

11 

0 

ft  Silicone  L-45 

( 5) 

P-1 

20 

HC 

HC 

HC 

HC 

HC 

HC 

P-1 

25 

HC 

HC 

HC 

KC 

HC 

HC 

P-8 

20 

HC 

HC 

HC 

HC 

HC 

HC 

P-8 

25 

HC 

HC 

HC 

HC 

HC 

HC 

TP90B 

20 

58 

54 

50 

45 

38 

27 

Ucon  IB-65 

20 

52 

51 

46 

44 

30 

26 

Ucon  IB-65 

25 

53 

50 

47 

44 

36 

26 

90ZS:  Ho  ZR  data  obtained  for  KP-l40  plasticizer  at  20  and  2^  parts  loading  and 
for  ZP9OB  at  25  parts  loading* 


1C  Indicates  no  cure. 
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B.  SILICONE  DC  510  FUJO  AND  ESTER  PLASTICIZER  IN  BUTTL 


Foraula; 


OR-I 

Zinc  Oxide 
MAF  black 
Captax/Tuads 
(1:2  Blend) 
Sulfur 

(DC  510  Fluid) 
(Adipol  2 EH  ) 
Curing  teoiperature 


100 

5 

55 

1.54 


25  combined  total 
287°?. 


TABLE  VIII. 


Modulus  @ 


Pounds  per  square  inch 


Parts 
DC  510 


Parts 

Adipol 


Luid 

2 2. 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  Min. 

0 

25 

100 

525 

650 

800 

875 

5 

20 

175 

500 

600 

775 

850 

10 

15 

150 

500 

600 

775 

850 

15 

10 

100 

450 

550 

700 

750 

20 

5 

75 

350 

525 

625 

650  j 

Tensile  @ Break  - Pounds 


0 

25 

775 

1725 

1900 

1600 

1750 

5 

20 

1050 

1825 

1825 

1750 

1650 

10 

15 

1150 

1675 

1650 

1675 

1450 

15 

10 

1000 

1650 

1650 

1500 

1500 

20 

5 

600 

925 

1000 

1100 

850 

&tion  @ Br:=h  - Per  cent 


Tear  - Pounds  per  inch 


830 

650 

630 

525 

510 

810 

725 

645 

600 

545 

880 

685 

635 

590 

490 

930 

685 

650 

540 

520 

825 

555 

500 

46o 

380 

97 

226 

206 

147 

155 

140 

210 

220 

186 

150 

148 

196 

206 

159 

137 

108 

240 

175 

163 

179 

107 

163 

153 

132 

153 

HAXC  TR  54-62 
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TABLE  VIII,  (Contd.) 

Hardagsa:  (Shore  D\iro«eter  Type  A) 


Farts  Parts 

DC  5i0  Adlpol 


Flvid 

2 EH 

10  Min. 

20  Min. 

30  Min. 

43  Min. 

60  Min. 

0 

25 

31* 

1»3 

48 

49 

5 

20 

36 

^^3 

47 

49 

10 

15 

38 

kk 

k6 

48 

49 

15 

10 

38 

k6 

49 

51 

52 

20 

5 

37 

^5 

47 

48 

TAB1£  IX. 

Rebound  (Goodyear-Healy)  60  Min. 

8 2G7°F. 

Eoibrittleiiient  ( American  Cyanamid-Graves  ) 60  Min.  @ 287^. 

TR  Retraction 

• Original  Elongation  50^}  80  Min. 

e 287^. 

Farts 

DC  510  Fluid 

Adipol  2 EH 

Rebound 

Embrittlement 

TR 

0 

25 

58 

OK  -72°P, 

» 

-72°F 

5 

20 

" .72 

-71 

10 

15 

52.0 

" -72 

-66 

15 

10 

45.5 

’’  -53 

-69 

20 

5 

37. 

" -49 

-55 

i 

\ 

k 

!r 

\ 

; Remarks : 


DC  510  fluid  was  incorporated  into  batch  by  first  premixing  this  material 
) into  dry  black. 

i 

! Batch  with  20  parts  DC  ^10  fluid  was  mixed  with  difficulty  and  bat^h 

' with  2^  parts  was  ii^possible  to  mix,  and  therefore  no  data  is  shown  for  2^ 

parts. 


! 

i 

t 

1 


I 


t 


I 

I 


i 


TABLE  X 


TR  - Tearoerature  Retraction 


Cure  60  ® 287°F. 


TeoQperatxire  in  minus  degrees  Fahrenheit  for  percentage  retraction 
indicated  (T>1,  T-2,  etc.) 


Parts 
DC  510 
Fluid 


Parts 

Adipol 


EH 

T-1 

T-2 

T-3 

T-10 

T-20 

2i22_ 

25 

88 

86 

82 

77 

20 

• 

- 

- 

87 

83 

79 

73 

15 

• 

> 

87 

84 

81 

74 

71 

10 

87 

85 

f>2 

78 

76 

74 

5 

83 

82 

80 

76 

71 

63 

59 

Parts 


Parts 


DC  510 

Fluid 

Adipol 

2 EH 

T-4o 

T-50 

T-60 

M2 

T-80 

MO 

0 

25 

72 

71 

67 

63 

58 

ii6 

5 

20 

71 

67 

63 

60 

5'^ 

44 

10 

15 

66 

63 

60 

56 

51 

38 

15 

10 

69 

63 

57 

53 

46 

31 

20 

5 

55 

52 

48 

44 

39 

26 

'Xi  )< 

“ * 

N:  Xr*;' 

'iW'? 
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C.  PLASTICIZERS  WITH  DEPICIEOT?  FREEZE  RESISTANCE 


The  formula  Is  the  saee  as  shovn  In  Section  A.  Tor  plsstlclzers 
lncoa3>atlble  vith  butyl. 


TABLE  XI.  Modulus  Q 3/X^  - Pounds  par  sgoare  Inch 


Parts  Per 
100  (S^-I 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  Min 

Forua  40  Oil 

15 

400 

575 

800 

900 

1000 

Foxruoi  40  Oil 

20 

350 

575 

700 

350 

1000 

Foruffl  40  Oil 

25 

275 

‘^75 

600 

725 

825 

C.  P.  Hall  3890-A 

20 

275 

500 

625 

n5 

850 

C.  P.  Hall  38^-A 

(20) 

325 

400 

575 

700 

775 

& Silicone  Irh^ 

( 5) 

400 

625 

Plast.  Mr-511 

20 

200 

375 

500 

Plast.  Mr-511 

25 

125 

275 

350 

475 

525 

VR-1  Ester 

20 

175 

325 

375 

475 

575 

VR-1  Ester 

25 

125 

225 

325 

350 

i»00 

lO-A  Plast. 

20 

150 

550 

725 

850 

950 

Dibutyl  Sebacate 

20 

200 

600 

700 

875 

950 

Dibvtyl  Sebacate 

25 

150 

450 

6co 

750 

^5 

Adlpol  ODY 

2C 

200 

525 

650 

800 

875 

Adipoi  ODY 

25 

200 

'♦75 

600 

725 

775 

Ohopex  R-9 

20 

75 

125 

150 

175 

175 

Ohupex  R-0 

KP-555 

25 

20 

MC 

375 

75 

550 

75 

675 

125 

800 

75 

S75 

lCP-555 

25 

275 

425 

550 

650 

750 

Monoplex  S-7I 

20 

150 

250 

300 

350 

350 

Monc^les  S-71 

25 

125 

175 

225 

250 

250 

KC  indicate*  no  cure. 
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TABLE  XII.  Tensile  @ Break  - 

Pounds  per 

square 

inch 

Parts 

Per 

100  (»-I 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  Min. 

Forum  kO  Oil 

15 

1725 

1925 

1950 

1950 

1875 

Form  to  Oil 

20 

1675 

1925 

2000 

1950 

1750 

Form  to  Oil 

25 

1325 

1875 

1875 

1825 

1725 

C.  P.  Hall  3890-A 

20 

1500 

1750 

1800 

1625 

1550 

C.  P.  Hall  3^-A 

(20) 

1625 

1625 

1625 

1625 

1500 

& Silicone  L-k3 

( 5) 

Plast..  Mr-511 

20 

1525 

in5 

1775 

1725 

1600 

Plaat.  Mr-5U 

25 

825 

1275 

1325 

1425 

1475 

VR-1  Estfjr 

20 

1275 

1725 

1825 

1900 

1675 

VR-1  Ester 

25 

1050 

1775 

1775 

1875 

1775 

10— A Past . 

20 

1150 

1825 

1875 

190c 

1600 

Dibutyl  Sebacate 

20 

1150 

1925 

1800 

1800 

1700 

Dibutyl  Sebacate 

25 

1200 

1775 

1850 

1675 

1650 

Ad:  pol  ODT 

20 

1450 

1975 

1975 

1950 

1800 

Adipol  ODY 

25 

1350 

1950 

1950 

1825 

1725 

Ohopex  R-9 

20 

475 

1050 

1325 

1450 

1425 

Obopex  R-9 

25 

NC 

625 

725 

950 

725 

KP-555 

20 

1925 

1975 

1950 

1750 

1750 

KP'555 

25 

1775 

1975 

1825 

1875 

1750 

Monoplex  S-71 

20 

1400 

1800 

1700 

1850 

1800 

Moxkoplex  S-71 

25 

1300 

1575 

1750 

1825 

1775 

TABIE  XIII.  Elongation  8 

Break  - Fsr  cent 

Form  to  Oil 

15 

810 

750 

655 

600 

555 

Form  to  Oil 

20 

800 

715 

690 

650 

520 

Form  to  Oil 

25 

715 

745 

690 

630 

550 

C.  P.  Hall  3890-A 

20 

795 

645 

650 

545 

490 

C.  P.  Hall  3^-A 

(20) 

765 

670 

630 

580 

5to 

& Silicone  1-45 

( 5) 

Plast.  Mr-511 

20 

805 

730 

660 

615 

585 

Plast.  Mr-511 

25 

1010 

780 

720 

(i85 

655 

YR-1  Ester 

20 

930 

805 

780 

725 

700 

YR-1  Ester 

25 

935 

845 

790 

765 

720 

10- A Plast. 

20 

770 

655 

605 

575 

470 

Dibutyl  Sebacate 

20 

775 

655 

590 

520 

495 

Dibutyl  Sebacate 

25 

8to 

645 

630 

555 

510 

Adipol  ODY 

20 

850 

730 

695 

620 

555 

Adipol  ODY 

25 

875 

735 

685 

610 

570 

Obopex  R-9 

20 

1060 

1015 

1000 

980 

980 

Ohopex  R-9 

25 

HC 

1050 

900 

loto 

885 

KP-555 

20 

815 

720 

680 

580 

550 

KP-555 

25 

825 

755 

680 

645 

580 

Monoplex  S-71 

20 

895 

895 

805 

800 

780 

Monoplex  3-71 

25 

9to 

875 

885 

845 

835 

IC  Indicates  no  cure. 
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TABLE  XIV 


Tear  - Pounds  pgr  inch 


Parts  Par 
100  GR-1 

10  Min. 

20  Min. 

30  Min. 

45  Min, 

60  Min. 

Forum  ^*0  Oil 

15 

224 

238 

232 

212 

198 

Forum  Uo  Oil 

20 

204 

216 

210 

202 

174 

Forum  40  Oil 

25 

189 

222 

214 

182 

177 

C.  P.  Hall  3990-A 

20 

216 

224 

219 

196 

157 

C.  P.  Hall  38^-A 

(20) 

245 

214 

190 

160 

210 

& Silicone  L-k^ 
Plaat.  MP-511 

( 5) 

20 

237 

191 

178 

181 

Plaat.  MT-511 

25 

167 

230 

256 

245 

297 

VB-1  Ester 

on. 

185 

256 

257 

267 

245 

VR-1  Ester 

25 

172 

245 

242 

232 

210 

10- A Plast. 

20 

164 

214 

188 

173 

189 

Dibutyl  Sebacate 

20 

151 

214 

204 

190 

142 

Dibutyl  Sebacate 

25 

139 

202 

194 

159 

156 

Adipol  ODY 

20 

210 

254 

228 

200 

159 

Adipol  ODY 

25 

199 

236 

24o 

232 

156 

Ohoper  R-9 

20 

79 

I4fl 

180 

1$1 

208 

Ohopex  K-9 

25 

NC 

100 

112 

135 

137 

KP-555 

20 

244 

246 

231 

175 

169 

KP-555 

25 

246 

230 

185 

203 

204 

Nonoplex  S-7I 

20 

206 

216 

240 

236 

230 

Monoplex  S-71 

25 

174 

228 

222 

24o 

218 

TABLE  XV.  Hardness  (Shore  Duron»eter  Type  A) 


Forum  40  Oil 

15 

^3 

Forum  40  Oil 

20 

41 

Forum  40  Oil 

25 

37 

C.  P.  Hall  3890-A 

20 

38 

C.  P.  Hall  38^-A 

(20) 

36 

& Silicone  L-45 

( 5) 

Plast.  Mr-511 

20 

42 

Plast.  Mr-511 

25 

40 

VR-1  Ester 

20 

38 

VR-1  Ester 

25 

33 

10-A  Plast. 

20 

38 

Dlbutyl  Sebacate 

20 

38 

Dlbutyl  Sebacate 

25 

34 

Adipol  ODY 

20 

37 

Adipol  ODY 

25 

35 

Ohopex  R-9 

20 

30 

Ohopex  R-9 

25 

25 

KP-555 

20 

42 

KP-555 

25 

39 

Monoplex  S-71 

20 

37 

Monoplex  S-71 

25 

32 

IC  Indlcatea  xio  cure. 


47 

49 

51 

52 

45 

47 

49 

51 

4? 

44 

46 

47 

44 

47 

49 

50 

l^3 

45 

47 

43 

45 

47 

48 

49 

44 

45 

46 

46 

4l 

43 

45 

46 

38 

40 

41 

43 

44 

46. 

48 

50 

4-5 

47 

49 

50 

4l 

44 

46 

47 

44 

46 

49 

51 

42 

45 

47 

49 

34 

36 

37 

38 

30 

32 

33 

33 

46 

47 

51 

52 

44 

46 

48 

49 

39 

40 

41 

4l 

36 

38 

39 

39 
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TABLE  XTI. 


Rebound  (Goodyear-Healy)  6o  Min.  $ 287?F. 

Eobrittleaent  (Aaerican  Cyanaalde-Qraves)  6o  Min.  6 287^. 

TR  Retraction  - Original  Elongation  501^)  60  Min.  6 287°!P. 


Parts  Per 


100  GS-1 

Rebound 

Embrlttletaent 

TR 

Forua  40  Oil 

15 

4s.l5t 

OK  9 -54®P. 

-57®F 

Foro&i  IW  Oil 

20 

46.4 

-62 

-58 

Fonn  40  Oil 

25 

50.1 

-62 

-61 

C.  P.  Hall  3890-A 

20 

56.4 

-54 

-67 

C.  P.  Hall  3^-A 
it  Silicone  I/-45 

(20) 

56.4 

-67 

( 5) 

Plant.  MP-511 

20 

35.3 

-44 

-45 

Plast.  lfP-511 

25 

32.9 

-44 

-45 

VR-1  Ester 

43.7 

-49 

-54 

VR-1  Eater 

25 

44.6 

-49 

-56 

10-A  Plast. 

20 

54.9 

e-l. 

-54 

Dibutyl  Sebacate 

20 

59.5 

-54 

-47 

Dlbutyl  Sebacate 

25 

61.5 

-54 

-42 

Adlpol  ODY 

20 

61.5 

’•  -56 

-47 

Adlpol  ODY 

25 

64.1 

" -56 

-49 

Ohopex  R-9 

20 

44.2 

’’  -56 

-49 

Ohcqpex  R-9 

25 

43.3 

" -67 

-45 

KP-555 

20 

54.9 

" -53 

-59 

KP-555 

25 

59^0 

" -56 

-60 

Monoplex  S-7I 

20 

45.1 

" -48 

-59 

Motipplex  S-71 

25 

43.2 

" -58 

-58 
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TABLE  XVII , TR  - Temperature  Retraction 


I 

i. 

I 

I 

it 

i 

h 

I 


i 

I 


Teopera-turc  in  cinus  degrees  Fahrenheit  for  percentage  retraction  indicated  (T-I, 
T-2,  etc.) 


Parts  Per 

100  CK-I 

T-1 

T-2 

T-IO 

T-20 

Forum  40  Oil 

15 

89 

87 

83 

81 

73 

66 

62 

Forum  40  Oil 

20 

87 

85 

83 

81 

t4 

67 

62 

Forum  kO  Oil 

25 

87 

85 

83 

82 

76 

68 

65 

C.  P.  Rail  3890-A 

20 

- 

- 

89 

88 

87 

76 

71 

C.  P.  Hall  3890-A 

(20) 

- 

- 

89 

88 

83 

76 

71 

& Silicone  L-k^ 

( 5) 

Plasticizer  MT-^ll 

20 

82 

72 

70 

64 

60 

53 

49 

Plasticizer  MT-5II 

25 

87 

72 

70 

63 

60 

53 

48 

VR-I  Ester 

20 

- 

- 

89 

82 

73 

65 

58 

VR-I  Ester 

25 

- 

- 

89 

85 

77 

66 

60 

10- A Plasticizer 

20 

83 

82 

81 

73 

71 

62 

56 

Dlbutyl  Sebacate 

20 

- 

87 

83 

80 

69 

60 

54 

Dlbutyl  Sebacate 

25 

- 

89 

87 

80 

67 

55 

47 

Adlpol  ODI 

20 

- 

- 

87 

83 

73 

61 

53 

Adipol  ODY 

25 

83 

- 

TI 

71 

60 

47 

39 

Ohopex  R-9 

20 

- 

87 

86 

83 

74 

62 

51 

Ohopex  R-9 

25 

- 

- 

87 

84 

76 

65 

55 

KP-55^ 

20 

87 

86 

84 

8d 

74 

67 

83 

KP-555 

25 

87 

85 

83 

80 

74 

68 

63 

Monoplex  S-7I 

20 

- 

87 

85 

63 

78 

71 

64 

Nonoplex  S-7I 

25 

- 

- 

87 

86 

81 

73 

66 

No  Plasticizer 

(Rone) 

82 

81 

77 

71 

64 

58 

51 

Parts  Per 

100  («-I 

t-4o 

T-60 

T-70 

T-80 

Forum  40  Oil 

15 

57 

54 

Krs 

44 

36 

18 

Forum  40  Oil 

20 

58 

54 

5- 

45 

37 

22 

Forum  kO  Oil 

25 

61 

57 

54 

48 

40 

28 

C.  P.  Hall  3890-A 

20 

67 

63 

60 

56 

49 

38 

C.  P.  Hall  3890-A 

(20) 

67 

63 

60 

56 

49 

38 

& Silicone  L-4^ 

( 5) 

Plasticizer  Kr-511 

20 

^5 

40 

38 

29 

17 

4 

Plasticizer  MT-5II 

25 

*^5 

39 

34 

26 

19 

0 

VR-I  Ester 

20 

5l» 

51 

46 

42 

35 

19 

VR-I  Ester 

25 

56 

51 

47 

• a. 

55 

15 

10- A Plasticizer 

20 

54 

51 

46 

44 

37 

27 

Dlbutyl  Sebacate 

20 

‘^7 

42 

38 

27 

19 

4 

Dlbutyl  Sebacate 

25 

42 

36 

30 

23 

13 

0 

Adipol  ODY 

20 

47 

42 

35 

29 

21 

20 

Adlpol  ODY 

25 

31 

28 

22 

13 

Ao 

Obopex  R-9 

20 

43 

32 

22 

11 

i 1 

A3 

Ohopex  R-9 

25 

45 

£ 

12 

/ 1 

A8 

/34 

KP-555 

20 

59 

55 

52 

48 

42 

32 

KP-555 

25 

60 

56 

53 

50 

45 

35 

Monoplex  S-71 

20 

59 

52 

43 

27 

13 

/ 1 

Monoplex  S-71 

25 

58 

47 

35 

22 

9 

/ 7 

No  Plasticizer 

(None) 

45 

4l 

36 

31 

26 

9 
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TABLE  XVIII.  TR  - Tentperatture  Retractiv.n  Afr-er  U Weeks  Migration  at  158°F. 


i 

'I 


Psrts  Per 

100  GR  1 

Original 

After 

T-1 

Migration 

Forum  Uo  Oil 

15 

9.5 

87 

Forum  UO  Oil 

20 

11.6 

87 

Forum  kO  Oil 

25 

l4.0 

87 

So  Plasticizer 

None 

None 

88 

T-2 

T-10 

T-20 

T-30 

35 

83 

78 

72 

64 

59 

85 

83 

79 

72 

64 

60 

85 

83 

79 

72 

65 

60 

86 

83 

78 

71 

62 

56 

Parts  Per  100  GR-I 


Original 

After 

Migration 

For^m  40  Oil 

15 

9.5 

Forum  40  Oil 

20 

11.6 

Forxim  40  Oil 

25 

14.0 

No  Plasticizer 

None 

None 

WADC  TR  5^-62 


T-40 

T-50 

T-60 

T-70 

T-80 

T-90 

55 

51 

46 

42 

36 

18 

56 

yd 

47 

43 

36 

21 

56 

52 

46 

4l 

33 

17 

54 

48 

45 

40 

34 

24 

25 


n.  PLASTIC IZ'EFS  WITH  S-ATISPACTORY  RES''’STA5CS 

The  foramla  !■  the  uame  as  shorn  Id  Section  A,  for  plasticizers 
Incooqpatlhle  vlth  butyl. 


Parts  Per 

100  (ffl-I  10  Min.  20  Min.  30  Min.  43  Min.  6o  Min. 


C.  P.  Hall  3890-A 

25 

175 

400 

525 

600 

700 

Adipol  2 EH 

20 

160 

540 

680 

825 

910 

Adipol  2 EH 

25 

100 

525 

650 

800 

875 

10-A  Plast. 

25 

HC 

500 

650 

775 

850 

C.  P.  Hall  3Q9O-A 
h L*4l  Silicone 

(20] 
( 5 

150 

450 

525 

675 

775 

C.  P.  Hall  ^1890-A 
b L-i»l  Silicone 

(15] 

(10] 

150 

500 

560 

750 

825 

Di  2 Ethyl  Hexyl  Ether 

20 

225 

425 

575 

700 

850 

it 

Di  2 Ethyl  Hexyl  Ether 

25 

275 

400 

550 

650 

725 

Trioctyl  Phosphate 

20 

150 

500 

600 

650 

750 

A 

h 

Trioctyl  Phosphate 

25 

75 

375 

500 

550 

625 

% 

Butyl  CellosolTe  Pelargonate 

20 

350 

600 

725 

875 

950 

fL- 

Butyl  Cellosolve  Pelargonate 

25 

225 

450 

600 

725 

850 

Butyl  Carbitol  Pelargonate 

20 

175 

425 

550 

675 

750 

It 

Butyl  Carbitol  Pelargonate 

25 

175 

575 

500 

600 

725 

Dlisobutyl  Azelate 

20 

225 

525 

675 

350 

975 

/ 

Aav* 

Siiaobutyl  Azelate 

25 

200 

500 

650 

600 

875 

Nonoplex  DOS 

20 

22^ 

525 

675 

825 

900 

•fr. 

Monoplex  DOL 

25 

225 

450 

575 

675 

750 

Hejiyl  Ether 

20 

h50 

650 

000 

950 

1000 

K' 

Hexyl  Ether 

25 

300 

475 

575 

750 

800 

r 

f 

t. 


TABLE  XX 


Tensile  at  Break  - PovmdB  per  square  inch 


Parts  Per 


100  GR-I 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  Min 

C.  P.  Hall  3890-A 

25 

1250 

17'^5 

1700 

1650 

1625 

Adipol  2 £H 

20 

1070 

1910 

1870 

1750 

1650 

Adipol  2 EH 

25 

775 

1725 

1900 

l6C0 

1750 

10- A Plast. 

25 

MC 

1900 

1725 

1875 

1750 

C.  P.  Hall  3890-A 

(20) 

1150 

1875 

1900 

1875 

1650 

L-41  Silicone 

( 5) 

C.  P.  Hall  3890-A 

(15) 

1000 

1900 

1775 

1650 

1700 

& L-4l  Silicone 

(10) 

D1  2 Ethyl  Hexyl  Ether 

20 

1400 

1800 

1825 

1925 

1775 

D1  2 Ethyl  Hexyl  Ether 

25 

1625 

1775 

1800 

1700 

1800 

Trl octyl  Phosphate 

20 

1325 

2075 

2075 

1950 

1800 

Trioctyl  Phosphate 

25 

1000 

1875 

2050 

1900 

1850 

Butyl  Cellosolve  Pelargonate 

20 

1625 

1950 

1850 

1750 

1625 

Butyl  Cellosolve  Pelargonate 

25 

1625 

1850 

1825 

1775 

3.600 

Butyl  Carbitol  Pelargonahe 

20 

1300 

1950 

1925 

1775 

1600 

Butyl  Carbitol  Pelargonate 

25 

1425 

2000 

2000 

1950 

1700 

Diisobutyl  Azelate 

20 

1500 

1800 

1900 

XVAA^ 

1650 

Diisobutyl  Azelate 

25 

1225 

1875 

1950 

1825 

1850 

Monoplex  DOS 

20 

1325 

1925 

1975 

1950 

1925 

Monoplex  DCS 

25 

825 

2000 

1875 

1875 

1900 

Hexyl  Ether 

20 

1675 

1750 

1750 

1625 

1550 

Hexyl  Ether 

25 

1500 

1675 

1775 

1600 

1425 

TABIE  m.  Elongation  9 Break  - Per 

cent 

C.  P.  Hall  3890-A 

25 

810 

670 

635 

590 

550 

Adipol  2 ££ 

20 

800 

680 

640 

565 

515 

Adipol  2 EH 

25 

830 

650 

630 

525 

510 

10- A Plast. 

2^ 

fiC 

680 

615 

595 

530 

C.  P.  Hall  3890-A 

(20) 

810 

710 

665 

600 

500 

81  L-4l  Silicone 

( 5) 

C.  P.  Hall  3890-A 

(15) 

895 

695 

635 

540 

550 

& L-4l  Silicone 

(10) 

D1  2 Ethyl  Hexyl  Ether 

20 

875 

755 

705 

700 

595 

Di  2 Ethyl  Hexyl  Ether 

25 

8>3 

775 

715 

645 

64o 

Trioctyl  Phosphate 

20 

955 

765 

705 

670 

600 

Trloctyl  Phosphate 

25 

9^3 

745 

740 

675 

635 

Butyl  Cellosolve  Pelargonate 

20 

755 

745 

655 

575 

500 

Butyl  Cellosolve  Pelargonate 

25 

870 

730 

655 

610 

540 

Butyl  Carbitol  Pelargonate 

20 

600 

750 

685 

620 

505 

Butyl  Carbitol  Pelargonate 

25 

84o 

775 

725 

690 

570 

Dilsobutyl  Azelate 

20 

900 

695 

680 

600 

495 

Di  isobutyl  Azelate 

25 

785 

735 

700 

625 

585 

Monoplex  DOS 

20 

910 

770 

720 

650 

615 

Monoplex  DOB 

25 

680 

815 

725 

680 

660 

Hexyl  Bthor 

20 

7V5 

605 

610 

475 

455 

Hexyl  Ether 

25 

800 

700 

680 

565 

490 

K indieatss  no  core. 
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TABLE  XZII 


Tear  - Poimda  per  Inch 


Parts  Per 


100  OR-l 

10  Min. 

20  Min 

. 30  Nln 

. 45  Min. 

60  Min 

C.  P.  Hall  3890-A 

25 

172 

218 

191 

200 

l64 

Adlpol  2 £H 

20 

150 

236 

200 

174 

169 

Adipol  2 XH 

25 

97 

226 

206 

147 

155 

10-A  Plast. 

25 

BC 

274 

202 

178 

160 

C.  P.  Hall  3890-A 

(20) 

159 

220 

206 

182 

153 

& I/-41  Silicone 

( 5) 

C.  P.  Hall  3890-4 

(15) 

130 

258 

199 

189 

171 

k L-Ul  Slllcor® 

(10) 

LI  2 Ethyl  Hexyl  Ether 

20 

194 

206 

224 

180 

170 

D1  2 Ethyl  Hexyl  Ether 

25 

220 

216 

189 

178 

158 

Trloctyl  Phosphate 

20 

204 

280 

226 

220 

194 

Trloctyl  Phosphate 

25 

109 

224 

218 

195 

199 

Butyl  CellosolTe  Pelargonate 

20 

264 

238 

192 

169 

159 

Butyl  Celloaolvc  Pelargonate 

25 

188 

218 

179 

168 

145 

Butyl  Carbltol  Pelargonate 

20 

250 

238 

195 

216 

150 

Butyl  Carbltol  Pelargonate 

25 

202 

222 

212 

208 

178 

Ollsobutyl  Azeiate 

20 

194 

234 

236 

189 

189 

Ollsobutyl  Azeiate 

25 

222 

260 

208 

190 

206 

Monoplex  DOS 

20 

202 

238 

214 

188 

182 

Moooplex  DOS 

25 

173 

224 

194 

189 

204 

Hexyl  Ether 

20 

234 

204 

186 

172 

151 

Hexyl  Ether 

25 

226 

230 

192 

155 

144 

TABLE  XXIII.  Hardness  (Shore  Duroaeter 

Type  A) 

C.  P.  Hall  3090-A 

25 

34 

40 

44 

46 

47 

Adlpol  2 EH 

20 

37 

44 

47 

49 

51 

Adlpol  2 EH 

25 

34 

43 

45 

48 

49 

10- A Blast. 

25 

HC 

42 

45 

48 

49 

C.  P.  Hall  3890-A 

(20) 

35 

4l 

44 

46 

47 

A L-4l  Silicone 

( 5) 

C.  P.  Hall  38S''0-A 

(15) 

35 

4l 

44 

46 

47 

A L*^4l  Silicone 

(10) 

D1  2 Ethyl  Hexyl  Ether 

20 

39 

43 

45 

48 

D1  2 Ethyl  Hexyl  Ether 

25 

39 

42 

44 

46 

48 

Trloctyl  Phosphate 

20 

35 

44 

45 

46 

48 

Trloctyl  Phosphate 

25 

32 

4l 

43 

44 

44 

Butyl  Cellosolve  Pelargonate 

20 

40 

45 

48 

51 

52 

Butyl  CellosolTe  Pelargonate 

25 

36 

42 

45 

48 

49 

Butyl  Carbltol  Pelargonate 

20 

38 

44 

46 

48 

49 

Butyl  Carbltol  Pelargonate 

25 

34 

40 

44 

46 

48 

Dllsobutyl  Azeiate 

20 

39 

45 

48 

50 

52 

Dllsobutyl  Azeiate 

25 

35 

43 

45 

47 

49 

Monoplex  DOS 

20 

39 

44 

46 

49 

50 

Monoplex  DOS 

25 

35 

41 

44 

46 

47 

Hexyl  Ether 

20 

42 

47 

50 

52 

53 

Hexyl  Ether 

25 

39 

45 

47 

49 

BC  Indicates  no  cure. 
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TABLE  mV 


Rebound  (Goodyear-Healy)  6o  Min;  ® 287^. 


I 

f 


> 


Ecabrlttleaent  (American  Cyeuaaald-Graves)  60  Min.  d 28'7^. 

TR  (40^t  Retraction  - Original  Elongation  50^)  60  Min.  9 287®P. 


Parts  Per 


1; 

I 

k- 


t 

■a. 


'k:, 

f 


1 

lOO  GR-l 

Rebound 

Eadbrittleaent 

TR 

C.  P.  Hall  3890-A 

25 

58.4ib 

OK  e 

-72°P 

-70°P 

Adlpcl  2 EH 

20 

58.4 

-71 

-71 

Adlpol  2 EE 

25 

58.4 

-72 

-72 

10>A  Plant. 

25 

57.4 

-72 

-74 

C.  P.  Hall  3890-A 

(20) 

53.9 

-72 

-71 

& L-41  Silicone 

( 5) 

C.  P.  Hall  3890-A 

(15) 

50.1 

-72 

-67 

& L-l»l  Silicone 

(10) 

Di  2 Etl^l  Hexyl  Ether 

20 

57.4^ 

OK  9 

-78°^. 

-760? 

Di  2 Ethyl  Hexyl  Ether 

25 

60.0 

tl 

-76 

-74 

Trloctyl  Phosi^iate 

20 

51.5 

n 

-63 

-70 

Trioctyl  Phosphate 

25 

57.9 

It 

-76 

-72 

Butyl  Cellosolve  Pelargonate 

20 

64.1 

It 

-72 

-74 

Butyl  CellosolTe  Pelargonate 

25 

66.8 

It 

-78 

-77 

Butyl  Carhitol  Pelargonate 

20 

61.5 

It 

-72 

-67 

Butyl  Carhitol  Pelargonate 

25 

61.0 

It 

-76 

-67 

Oilsohutyl  Azelate 

20 

57.9 

-72 

-66 

Oiisohutyl  Azelate 

25 

61.0 

II 

-72 

-68 

Monoplex  DOS 

20 

s4.9 

It 

-67 

-70 

Monpplex  DOS 

25 

'36.9 

It 

-72 

-73 

Heiqyl  Ether 

20 

64.1 

It 

-71 

-72 

Saxyl  Ether 

25 

64.1 

It 

-74 

-72 
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TABLE  XXV, 


TR  - Tegg;erature  Retractloa 


Teniperature  Id  minvis  degrees  Fahrenheit  for  percentage  retraction  Indicated  (T-3 


T-5,  etc. 


Parts  Per 
100  'll;-! 

C . P . Hall  309O-A 

55 

Adipol  2 EH 

20 

Adipol  2 EH 

25 

10-A  Plasticizer 

25 

C.  P.  Hall  3890-A 

(20) 

& L-4l  Silicone 

( 5) 

C.  P.  Hall  389OA 

(15) 

& L-41  Silicone 

(10) 

Di  2 Ethyl  Hexyl  Ether 

20 

Pi  2 Ethyl  Hexyl  Ether 

25 

Trioctyl  Phosphate 

20 

Trioctyl  Phosphate 

25 

Butyl  CellOBolve  Pelargonate 

20 

Butyl  CelloBolve  Pelargonate 

25 

Butyl  Carbitol  Pelargonate 

20 

Butyl  Carbitol  Pelargonate 

25 

Piieobutyl  Azelate 

20 

Di isobutyl  Azelate 

25 

Monoplex  DOS 

20 

Monoplex  DOS 

25 

Hexyl  Ether 

20 

Hexyl  Ether 

OC 

Parts  Per 
100  OR-I 

C.  P.  Hall  3890-A 

25 

Adipol  2 EH 

20 

Adipol  2 EH 

25 

10-A  PlMticlzer 

25 

C.  P.  Hall  3890-A 

(20) 

& L-4l  Silicone 

( 5) 

C.  P-  Hall  3890-A 

(15) 

& L-4i  Silicone 

(10) 

Di  2 Ethyl  Hexyl  Ether 

20 

Di  2 Ethyl  Hexyl  Ether 

25 

Trloctyl  Phosphate 

20 

Trioctyl  Phosphate 

25 

Butyl  CelioBolve  Pclargoii^t.j 

20 

Butyl  CelloROlve  Pelargonate 

25 

Butyl  Carbitol  Pelargonate 

20 

Butyl  Carbitol  Pelargonate 

25 

Diisobutyl  Azelate 

20 

Dilsobutyl  Azelate 

25 

Monoplex  DOS 

20 

Monoplex  DOS 

25 

Hexyl  Ether 

20 

Hexyl  Ether 

25 

T-3 

'Eli 

T-20 

• 

89 

88 

81 

72 

89 

88 

82 

78 

75 

89 

88 

82 

79 

76 

- 

89 

87 

82 

78 

89 

87 

83 

78 

74 

Ao 

87 

83 

74 

69 

87 

84 

81 

- 

- 

85 

82 

79 

- 

- 

83 

78 

74 

- 

- 

80 

78 

76 

- 

87 

86 

82 

78 

- 

- 

87 

63 

81 

- 

85 

83 

77 

72 

- 

85 

83 

n 

72 

- 

85 

83 

77 

72 

- 

87 

83 

78 

72 

- 

87 

64 

79 

74 

- 

87 

85 

82 

77 

- 

- 

86 

82 

76 

- 

- 

86 

82 

76 

T-40 

T-50 

T-oO 

T-70 

T-80  T-90 

70 

66 

63 

59 

53 

42 

71 

69 

63 

62 

■^4 

44 

72 

69 

65 

62 

58 

47 

74 

71 

67 

62 

57 

45 

71 

67 

62 

57 

53 

38 

67 

66 

60 

56 

49 

38 

76 

72 

68 

63 

56 

4o 

74 

71 

67 

59 

51 

35 

70 

67 

63 

59 

54 

42 

72 

70 

66 

63 

55 

^5 

74 

72 

63 

64 

58 

**5 

77 

73 

70 

65 

60 

**5 

67 

65 

59 

54 

49 

40 

67 

65 

59 

55 

49 

38 

66 

65 

60 

56 

51 

4l 

68 

65 

61 

57 

51 

40 

70 

66 

63 

58 

53 

4l 

73 

70 

66 

62 

55 

43 

72 

68 

64 

60 

53 

37 

72 

67 

63 

58 

50 

32 
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TASLJ?  XXVI 


TR  - Twc>«rature  Retraction  After  4 Wgeka  Migration  at  158°F 


Partg  Per  100  GR-I 


After 


Original* 

Migration** 

’1-2 

T-3 

T-10 

T-20 

T-30 

C.  P.  Hall  3890-A 

25 

9.6 

87 

85 

83 

75 

68 

63 

Adipol^  EH 

20 

8.8 

87 

84 

80 

74 

67 

62 

Adipol  2 EH 

25 

10.9 

87 

86 

83 

74 

67 

63 

10-A  Plasticizer 

25 

10.7 

> 

86 

83 

75 

67 

63 

Oi  2 Ethyl  Hexyl  Ether 

20 

14.0 

86 

- 

81 

74 

66 

63 

Di  2 Ethyl  Hexyl  Ether 

25 

18.2 

87 

- 

80 

72 

64 

58 

Trioctyl  Phosph&te 

20 

6.6 

83 

-> 

80 

72 

65 

60 

Trioctyl  Phosphate 

25 

7.7 

83 

- 

80 

72 

66 

61 

Butyl  Cellosolve  Pelargonate 

20 

12.2 

85 

- 

81 

74 

65 

60 

Butyl  Cellosolve  Pelargonate 

25 

18.9 

86 

- 

83 

73 

63 

58 

Bu^l  Carbitol  Pelargonate 

20 

9.9 

85 

- 

80 

72 

65 

60 

Butyl  Carbitol  Pelargonate 

25 

11.8 

86 

- 

83 

75 

69 

63 

Diiaobutyl  Azelate 

20 

8.7 

87 

- 

85 

79 

71 

67 

Diisobutyl  Azelate 

25 

10.8 

86 

> 

83 

77 

70 

63 

Monqplez  DOS 

20 

11.0 

85 

> 

83 

76 

69 

64 

Monoplex  DOS 

25 

4.5 

85 

- 

83 

76 

69 

64 

Hexyl  Ether 

20 

18.2 

82 

• 

80 

72 

63 

59 

Hexyl  Ether 

25 

21.6 

87 

83 

81 

68 

62 

Hattiaral  Rubber  Tube 

4.0 

4.0 

83 

81 

80 

78 

75 

72 

Coqpound 


mmi 

* Parts  per  100  aa-I  origi"*'>  - This  refers  to  the  parts  plasticizer  per  100  parts 
hutyl  hydrocarbon  vhich  vas  added  to  the  compound. 


•»  Parts  per  100  QR-I  - af  ter  aigratloa.  Based  on  the  «el{^t  loss  of  the  saaple 
durlns  algratlon  assualug  that  th"  entire  veight  change  is  due  to  loss  of 
plasticizer,  this  value  is  deteroined  by  subtracting  ^dbe  amount  lost  froa  the 
original  and  represents  the  amount  of  plasticizer  retedned  after  Migration  and 
is  expressed  in  parts  plasticizer  par  100  parts  butyl  hydrocarbon. 


WK  TR 
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TABLE  XXVI 


(Contd. ) 


Parto  Per  100  (g-I 


After 

Original*  Migration**  T-40  T-50  T-bO  T-70  T-80  T-90 


C.  P.  Hall  3Q90-A 

25 

9.6 

56 

54 

51 

46 

4o 

29 

Adlpol  2 £H 

20 

8.8 

58 

54 

51 

46 

42 

32 

Adipol  2 EH 

25 

10.9 

58 

54 

51 

45 

39 

27 

10^ A Plasticizer 

25 

10.7 

58 

54 

51 

46 

38 

27 

D1  2 Ethyl  Hexyl  Ether 

20 

14.0 

56 

54 

49 

44 

38 

26 

D1  2 Ethyl  Hexyl  Ether 

25 

18.2 

53 

48 

44 

31 

29 

13 

Trioctyl  Phosphate' 

20 

6.6 

56 

53 

48 

4o 

38 

35 

Trloctyl  Phosphate 

25 

7.7 

56 

52 

48 

4o 

36 

20 

Butyl  Cellosolve  Pelargonate 

20 

12.2 

56 

52 

47 

45 

38 

24 

Butyl  Cellosolve  Pelargonate 

25 

18.9 

56 

52 

47 

1*5 

38 

24 

Butyl  Carbltol  Pelargonate 

20 

9.9 

58 

53 

49 

45 

42 

29 

Butyl  Carbltol  Pelargonate 

25 

11.8 

60 

56 

53 

1*7 

1<0 

24 

Bi  Isobutyl  .Azelate 

20 

8.7 

62 

58 

54 

49 

44 

29 

OllsobutyJ.  Azclate 

25 

10.8 

60 

57 

53 

47 

42 

27 

Monoplex  BOS 

20 

11.0 

60 

55 

52 

47 

4l 

26 

Monoplex  DOS 

25 

4.5 

60 

54 

50 

45 

38 

23 

Hexyl  Ether 

20 

18.2 

54 

49 

46 

4i 

35 

22 

Hexyl  Ether 

25 

21.6 

56 

53 

49 

44 

37 

28 

natural  Rubber  Tube 

Compound 

4,0 

4,0 

71  68 

38 

■GTE; 

* Parta  per  100  CB-I  original.  Thla  refera  to  the  parts  plasticizer  per  IOC  parta 
butyl  faydrocarhon  which  '^aa  added  to  the  eougpovuod. 


**  Parta  per  100  QR-I  - after  migration.  Baaed  on  the  imlght  loaa  of  the  aaaple 
during  algratlon  and  aaaualng  that  the  entire  velght  change  Is  due  to  loaa  of 
plaatlclzer,  thla  value  Ic  determined  by  subtracting  the  amount  lost  from  the 
original  and  represents  the  amount  of  plasticiser  retained  after  migration  and 
la  expressed  In  parts  plasticizer  per  100  parts  butyl  hydrocarbon. 
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£.  FXQEH  PIASZICIZEB  HIOH  GARBOS  BIACK 


Foxvola 


OR'l  IB  100 

Zinc  Oxidfi  ^ 

Captax/Toads  1.^ 

(1:2  Blend} 

Su?^«jr  2 

Kf^  2>lii«]c»  Variable 

Plaatlcizer**  Variable 

Cnrlns  teaperature  2d7^ 


«MAF  Black  Phllblack  A 
**Plaatlclxers 


a. 

c. 


C.  P.  Hall's 
Ohio  Apex 
Ohio  Ap«x 


3890-A 

10-A 

Adlpol  2 HE 


XABLE  XXVII. 

Modulus  Q 300^  - Pounds  per  square  Inch 

Parts  Parte 
Plastl*  NAP 

elser  Black  10  Min.  20  Min.  30  Min.  k5  Min.  60  Mia. 


Plasticizer  > C.  P.  Hall's  3890-A 


25 

cc 

✓✓ 

175 

350 

45c 

650 

725 

30 

55 

100 

350 

400 

550 

650 

30 

60 

75 

350 

k50 

600 

700 

Ohio  Apex  lO-A 

Plasticizer 

25 

75 

kOO 

550 

725 

775 

30 

'55 

50 

375 

^^75 

625 

700 

30 

60 

175 

42$ 

575 

675 

750 

Ohio  Apex  Adlpol  2 EH 


25 

55 

175 

*»25 

625 

750 

800 

30 

55 

150 

350 

525 

650 

750 

30 

60 

175 

550 

650 

750 

WAOC  IR  ^4-62 
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TABLK  XXVlll 


Tensile-^)  Break  - Pound*  per-sc 


re  inch 


Part*  Part* 
Plasti  MAF 


ciser 

Black 

10  Min. 

20  Min. 

30  Min. 

k5  Min. 

60  Mi 

Plasticiser  > C.  : 

p.  aai‘a  3690-A 

25 

55 

1P50 

1900 

1875 

182^ 

1750 

30 

55 

1000 

1900 

1850 

1775 

1750 

30 

60 

700 

1800 

1925 

1825 

1650 

Ohio  Apex  1Q>A  Plasticizer 

25 

55 

750 

2100 

1950 

1825 

1725 

30 

55 

375 

IB75 

1975 

1825 

1700 

30 

60 

1375 

1775 

1900 

1775 

1575 

Ohio  Apex  Adipol  2 EH 

25 

55 

1250 

1825 

1975 

1750 

1600 

30 

55 

1200 

1875 

1875 

1700 

1650 

30 

60 

1400 

1800 

1750 

1700 

1650 

XABLE  XXm« 

Elongation  9 Break  • Per  cent 


Plasticiaer  - C.  P.  Ball**  3890-A 


25 

55 

810 

770 

725 

650 

605 

\ 

t; 

30 

55 

800 

775 

730 

665 

630 

y. 

30 

60 

1025 

780 

760 

670 

585 

t 

Ohio  Apex 

- 10-A 

Plasticiser 

K 

' j 

25 

55 

1050 

8C0 

730 

620 

570 

30 

55 

1050/» 

780 

7i»o 

6li0 

600 

30 

60 

900 

730 

715 

640 

565 

Ohio  i^ex 

Adipol 

^ £B 

Vr 

<1  - 

25 

55 

825 

7l^5 

710 

600 

535 

30 

55 

870 

775 

685 

615 

620 

30 

60 

880 

7*»o 

660 

610 

565 

elongation  Talue  beyond  th*  liaits  of  tlie  aaohine. 
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TABLE  XXX 


Tear  - Pooh da  per  Inch 

Farts  Parts 
Plastl-  KAF 


ciser 

Black 

10  Min. 

20  Min. 

30  Min. 

k3  Min. 

60  Min. 

Plasticizer  • C. 

P.  Hall's 

3890-A 

25 

55 

162 

216 

21k 

167 

152 

30 

55 

103 

190 

182 

lk9 

180 

30 

6o 

99 

2Ii6 

22k 

182 

181 

Ohio  Apex  10-A  Plasticizer 

25 

55 

105 

228 

2k0 

190 

167 

30 

55 

59 

2l|2 

236 

179 

169 

30 

60 

175 

26k 

230 

212 

183 

Ohio  Apex  Adipol 

2 BH 

25 

55 

175 

222 

19k 

183 

178 

30 

55 

130 

230 

188 

169 

151 

30 

6o 

170 

236 

208 

228 

182 

TABLE  ZXXI. 

Hwdgess  (Shore  Duroaetsr  Type  A) 

Plasticiser  - C.  P,  Hall's  3B90-A 


25 

55 

35 

ko 

kk 

46 

48 

30 

55 

33 

ko 

kk 

45 

30 

60 

32 

ko 

45 

47 

Ohio  Apex  10-A  Plasticiser 

25 

35 

33 

ki 

kk 

47 

49 

30 

55 

29 

39 

42 

4k 

46 

30 

60 

35 

ki 

k5 

47 

48 

Ohio  Apex  Adipol  2 EE 

25 

55 

36 

k2 

45 

47 

49 

30 

55 

33 

39 

kk 

45 

46 

30 

60 

35 

ki 

45 

46 

48 

VASC  TR  5^^ 
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SABLE  XXXH 


Rebound  (floodvear-Hendy)  60  Min.  m 287®?. 

EMbrlttleaent  (ABerlcau  Cyanlmid-iBmvea)  60  Min.  @ 287®?. 
SR  {kO^  Retraction  - Original  Elongation  50)()  6o  • 287®?. 


t 

A 


f' 

i 

I 


Parts 

Parts 

Plasticiser 

MA?  Black 

Bebuund 

Eabrittleasnt 

IR 

Plastieizer-C.  P.  Rail's 

3890-A 

25 

55 

56.9jt 

OK  d -71°?. 

-72®?. 

30 

55 

59.0 

" -74 

-73 

30 

6o 

58.4 

" -71 

-72 

Ohio  Apex  10-A  Plasticizer 

25 

55 

6c.o 

" -74 

-71 

30 

55 

61.5 

-74 

-72 

30 

6o 

61.5 

" -76 

-73 

Ohio  Apex  Adipol  2 EE 

25 

55 

61.5 

" -76 

-74 

30 

55 

63.6 

" -80 

-76 

30 

6o 

60.5 

" -80 

-75 

In  soae  eases 

high  plasticizer  and  high  black  with  a high 

plasticit? 

elaatowr  results  in  a eoepound  with  improved  low  teiqperature 
properties. 


K 

6 


ir 

i'" 

I 


I 

I 

?!« 


HADC  IR 


it. 


-W  ■ ’ 


XABI£  XXXUI.  TR  - Teispcratur*  Retraction  Data 


Te^peratura  in  alnua  OAgrees  Fahrenheit  for  percantage  retraction  indicated 
(T-5,  T-10,  etc.) 


Parts  Per  IjOO  GR-I 


Plasti 


MAP 


t 

cizer 

Black 

2=2 

2=5 

T»10  1-20  g-30 

Plasticizer  C.  P 

T-40 

. Hall 

T-50  T»60 

•s  3890-A 

T»70 

T-80 

25 

55 

«• 

87 

85  80  75 

72 

69 

65 

62 

55 

30 

55 

- 

87 

85  8l  76 

73 

70 

67 

62 

55 

42 

30 

«• 

87 

85  80  76 

72 

69 

86 

62 

55 

42  ^ 

Ohio  Apex  10-A  Plasticiser 


V* 

25 

5 

✓ ✓ 

84 

79 

75 

71 

69 

65 

62 

56 

^^5 

30 

55 

87 

84 

80 

76 

72 

70 

66 

62 

55 

42 

30 

60 

0 

87 

85 

81 

77 

73 

70 

67 

62 

56 

43 

V- 

.t 

Ohio 

Apex 

Adipol  2 EH 

25 

55 

4» 

88 

86 

81 

77 

74 

71 

67 

63 

58 

46 

30 

55 

68 

87 

82 

79 

76 

72 

69 

65 

60 

48 

'V. 

V.'.. 

30 

60 

- 

88 

87 

82 

78 

75 

72 

68 

64 

59 

47 

TS  - Te«q;>erature  Betraetlon  After  % Weeks  Mlsration  At 

Plasticiser  C.  P.  Hall’s  3890-A 


30 

55 

86 

82 

75  67  62  58  54 

Ohio  Apex  10«A  Plasticiser 

49 

45 

38 

20 

30 

55 

86 

81 

74  66  63  56 

Ohio  Apex  AdJLpol  2 EH 

54 

49 

44 

38 

20 

30 

55 

86 

83 

76  67  63  58 

52 

49 

45 

4o 

24 

ItADC  IB 


3T 


I 


t,  SPEOIAL  Acrmtno  aoemis  - folzag;  aid  xkllubac 


7orBUlft 


OR-I  18 
Zinc  Ozi^ 
MAP  Blaek 
Ci^tax/ToadB 
(1:2  Bland) 
Sulfur 
Adlpol  2 m 
Polyac 
Telltirac 


Polyac 


100. 

5. 

55. 

1.5^ 

2. 

20. 


183.94 


TsUurac 


100. 

5. 

55. 

1.54 

2. 

20. 


.5 


184.04 


» 

if 

V 

i 

I 

I 

I 

I 


DescrVptlop  of  Materials 

Folyac  - I.  du  Pont 

25^  poly-dlnltroso  benzana 
Inart  aatarlal 

Tellurac  - R.  T.  Vanderbilt 

ToUurlua  dlethyldithiocarbaaata 


Prjoeselng 


Polyec  vas  added  to  batch  in  Banbury  nlzer  and  batch 
discharged  after  tenverature  reached  300°F. 

Tellurac  is  added  in  final  alx  on  6x12  ■ill  along 
vlth  sulfur  and  accelerator. 
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TABID  XXXIV. 


Modulus  at  300^  - 

10  Min.  20  Min. 

Ponxxds  I'cr  square  inch 

30  Min.. 

45.  Min. 

60  Min 

Polyae 

250 

900 

1050 

1175 

1275 

Tellur ac 

275 

575 

700 

875 

925 

Tensile  8 Break  - 

Pounds  per  square  inch. 

Polyec 

1100 

1875 

1800 

1750 

1700 

Tellur ac 

1550 

1975 

1725 

1525 

1400 

Elongation  8 Break  - Per  Cent 

Polyae 

760 

600 

555 

470 

430 

Tellurac 

830 

7^ 

630 

505 

455 

leap  - Pounds  per 

inch 

Polyac 

131 

250 

201 

153 

149 

Tellurac 

195 

223 

154 

169 

152 

Duroneter 

Pol^ac 

36 

44 

^7 

49 

51 

Tellurac 

39 

45 

48 

50 

52 

Rehound 

soibrlttleaent  TR 

Polysc 

61.0^ 

OK  8 -71®P. 

-70®P. 

Tellurac 

61.5 

-71 

-69 

TABLE  XXXV.  ^ 

- lS.sperature  Retraction  Data 

Te^p^A'turc  cufta  in  ainus  dagraas  FahrenbtBi't  for  percantags  r*  Uf acblona  T-5»  T-IO> 
etc.)  indicated. 


Polysc 

Tellurac 

T-5 

87 

85 

T-IO 

83 

83 

T-20 

78 

77 

T-30 

74 

72 

T-4o 

70 

69 

T-50 

67 

67 

T-60 

63 

63 

T-70 

60 

60 

T-80 

56 

55 

T-90 

47 

48 

KADC  TR  5^62  39 
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^ G.  COMMERCIAL  CARBOl  BLACKS  IB  BUTYL 


I 

t 


{ 

I 

! 

i 


Formula 


G»>I  18 

100. 

Zinc  Oxide 

5. 

Carbon  Black 

55. 

Captax/Tuads 
(1:2  Blend) 

1.54* 

Sulfur 

2. 

Adlpol  2 ES 

20. 

183.54 

i 


I 


\ 

i 


1 


Curing  tei^ierature  267^. 

* Accelerator  used  vlth  EPC  black  2.2  parta. 


a 

I 

{ 

i 

i 

I 

i 

! 


TAB1£  XXm. 


Black 

10.  Min. 

20  Nln. 

30  Nln. 

45  Nln. 

60  Nln 

Modulus  9 300i  - Pounds  per  square  Inch 

Themax 

IC 

150 

175 

250 

250 

P-33 

75 

100 

125 

175 

475 

150 

SRF 

75 

275 

325 

500 

NAF 

160 

540 

680 

825 

910 

HAF 

225 

475 

625 

825 

950 

EPC* 

125 

350 

470 

590 

690 

SAF 

l£o 

478 

650 

820 

1000 

Teesiii?  e Break  - Pounds 

per  square 

Inch 

Thexmax 

EC 

2450 

2500 

2375 

1750 

P-33 

600 

1425 

1775 

1675 

1875 

SBF 

32S 

1900 

2250 

2225 

1925 

NAF 

10*! -• 

1910 

1870 

1750 

1650 

lAF 

182$ 

2225 

2275 

2200 

2175 

EPC* 

1275 

25**0 

2510 

252c 

2570 

SAF 

1^ 

2490 

2500 

2400 

2350 

Elongation  9 Break  - Per 

cent 

Theraax 

EC 

880 

855 

745 

690 

P-33 

830 

755 

755 

715 

700 

1045 

775 

V90 

670 

660 

SAF 

945 

780 

715 

625 

570 

EPC* 

104c 

870 

780 

730 

695 

SAF 

1020 

820 

725 

645 

590 

* Oa  account  of  retardation  to  cure  of  EPC  black,  accelerator  for  this  black  La 
2.2  parta  Instead  of  1.^4  parts  as  on  sU  of  the  other  blacks. 


EC  Indicates  no  cure. 

WAOC  TR  ^62  40 


' iA  ' ”■■’  - V -.  r . ' 


'■r 
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table:  XQCVI.  (Contd.) 


i 

I 


( 


f 

»> 

9 


Black 

10  Ml-  , 

20  Nin. 

30  Nin. 

43  Nin. 

60  Min 

Tear  - Pounds  per  inch 

Theraax 

HC 

177 

133 

51 

4l 

F-33 

188 

152 

119 

8S' 

53 

SRF 

63 

187 

125 

97 

107 

NAF 

150 

236 

200 

174 

169 

HAF 

280 

320 

280 

243 

233 

EPC* 

196 

325 

306 

295 

295 

SAF 

232 

3^ 

342 

310 

296 

Eardness  (Shore  Duroneter  Type  A) 

Therwuc 

21 

31 

35 

36 

37 

P-33 

32 

36 

38 

39 

40 

SRF 

30 

38 

4l 

43 

45 

NAF 

37 

44 

47 

49 

51 

HAF 

37 

^3 

46 

f«8 

49 

EPC* 

42 

44 

46 

47 

SAF 

37 

44 

47 

49 

51 

TABLE  XXXVIl.  Sebcnmd  (OoodyMr-Healy)  60  6 287^. 

EMbrlttleaent  (Aasrican  Cyvnaald-Qrares)  6o  @ 2&J°F, 
TR  {kof)  Retraction— <^rlglnal  Elongation  6o  @ 


Black 

Rebound 

Bahrittleaen-t 

TO 

Therai 

IX  63.6^ 

OK  6 -63°F. 

-tT^. 

P-33 

64.1 

n 

-69 

-74 

SRF 

64.6 

tt 

-67 

-71 

MAF 

38.4 

It 

-71 

-69 

HAF 

55.9 

1.' 

-71 

-69 

EPC* 

53.7 

ti 

-62 

-69 

SAF 

46.0 

tt 

-60 

-68 

On  account  at  retardation  to  cure  of  EPC  black, 
2.2  parts  instead  of  1.34  parts  as  on  all  of  the 

accelerator  for  this 
: other  blacks. 

black  is 

BlaclM  used  for  this  grograa 


SRF 

HAF 

BAT 

EPC 

SAF 


Witeo  SRF 
Fhilblaek  A 
Fhllblaek  0 
Sid  Richardson's  Texas 
FiillhlaclL  E 


WABC  TR  54-62 


4l 


i 


TAJili  XXXVni . TR  "■  Temwattge  Retraction 


Tesveratvore  data  1b  idnys  dc^grees  Pahreshelt  for  percentage  retractiona  (T-3, 
etc.)  indicated. 


Black 

1=1 

Theroax 

- 

87 

P-33 

87 

86 

SRF 

- 

87 

MAF 

- 

87 

EAF 

- 

87 

EPC 

87 

CAF 

«e 

87 

T-10 

T-2Q 

85 

81 

80 

83 

80 

78 

8ii 

79 

74 

62 

78 

72 

83 

77 

72 

81 

76 

72 

83 

76 

72 

T-50 

T-60 

77 

75 

72 

74 

72 

71 

71 

71 

69 

69 

66 

63 

69 

65 

61 

69 

65 

62 

66 

63 

60 

1=32 

T-80 

T-90 

72 

66 

57 

65 

60 

47 

63 

60 

49 

60 

54 

45 

50 

50 

36 

57 

51 

37 

54 

49 

35 

H.  VARIABLS  CARBCW  BIACK  LOADIHO  H BUIXL 


roroula 


OR-I  18 
Zinc  Oxide 
Carbon  Black 
Captax/Tuads 
(1:2  Blend) 
Sulfur 
Adipol  2 EH 


100. 

5. 

Variable 

1.5J»* 

2. 


* Account  retarding  effect  of  EPC  black  tbe  aaount  of  accelerator  is  increased  and 
is  as  f oUiTiri  : 


rarts  EPC  Black  Accelerator 


kz 


WAOC  TR  5V>82 


55 

k5 

35 


2.20 

2.08 

1.96 


yyyty 


Black 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  MS 

Modulus  9 300i  - Potmds  per  square  Inch 

MAP  55 

160 

540 

680 

825 

910 

" k5 

150 

450 

575 

700 

800 

" 35 

75 

275 

325 

425 

500 

HPC*55 

125 

350 

470 

590 

690 

" k5 

100 

350 

400 

525 

600 

" 35 

75 

250 

300 

350 

425 

SAP  55 

l6o 

475 

650 

820 

1000 

" k5 

125 

400 

500 

700 

775 

" 35 

75 

300 

375 

475 

600 

Tensile  d Break  - Founds 

per  square 

inch 

MAP  55 

1070 

1910 

1870 

1750 

1650 

" 45 

1250 

2200 

2250 

2000 

1850 

" 35 

375 

1575 

2325 

2175 

1775 

£PC*55 

1275 

2540 

2510 

2520 

2570 

" 45 

1175 

2700 

2725 

2725 

2675 

" 35 

675 

2900 

2875 

2675 

2625 

SAP  55 

1500 

2490 

2500 

2400 

2350 

" 45 

1575 

2800 

2875 

2775 

2825 

" 35 

825 

CVJ 

2925 

2775 

2625 

Elensation  9 Break  - Per 

cent' 

MAP  55 

800 

680 

640 

565 

515 

" 45 

980 

765 

700 

610 

555 

" 35 

960 

800 

790 

745 

6ko 

EPC*55 

1040 

870 

780 

730 

695 

" 45 

1070 

845 

765 

700 

670 

" 35 

1105 

955 

875 

785 

740 

SAP  55 

1020 

£ao 

725 

645 

590 

" 45 

845 

810 

775 

675 

6^ 

" 35 

835 

825 

785 

700 

650 

* See  Pace  42 

VASC  OS  54-52 

‘^3 

. iMi..  .. 

TABLE  XL 


Black 

10  Min. 

20  Min. 

30  Min. 

45  Min. 

60  Min. 

Tear  - 

Founds  per  inch 

MAF  55 

150 

236 

200 

174 

169 

n 

45 

ll»6 

216 

188 

152 

146 

tt 

35 

88 

192^ 

112 

111 

88 

ZPC*55 

196 

325 

306 

295 

295 

ir 

45 

129 

282 

278 

230 

204 

ti 

35 

75 

2hO 

264 

163 

113 

SAF  55 

232 

346 

342 

310 

296 

n 

^5 

290 

358 

334 

296 

282 

tt 

35 

138 

283 

224 

224 

215 

Hardness  (Shore  Duronetez 

Type  A) 

MAF  55 

37 

44 

47 

49 

51 

It 

‘^5 

3V 

4c 

44 

46 

48 

n 

35 

30 

38 

4o 

42 

43 

EPC*55 

33 

42 

44 

46 

47 

It 

45 

30 

39 

4l 

43 

45 

tt 

35 

29 

37 

29 

4l 

42 

SAF  55 

37 

44 

47 

49 

51 

tt 

l^5 

35 

4l 

43 

45 

47 

tt 

35 

30 

38 

40 

4l 

42 

TABLE  XLI. 

ReBouDd  (Goodyear-Eenly)  6o  Min.  9 287^. 

£BR>rlttleasnt  (ABerieau  CjanaHid-^&Tes)  60  9 287^. 

•rs  Retraction-Origluftl  Elongation  50%)  60  9 287<>. 


Black 

Rehound 

Eabrittleaent 

MAF 

55 

58.4^ 

(Hl  9 

-71°C. 

-70°c 

If 

45 

59.0 

tl 

-71 

-71 

It 

35 

62.0 

If 

-71 

-74 

SPC*55 

53.7 

ft 

-62 

-71 

tt 

45 

55.4 

n 

-65 

-72 

rt 

35 

59.0 

It 

“67 

-72 

SAF 

55 

46. 

n 

«6o 

-65 

tt 

45 

49.6 

tt 

-67 

tt 

35 

55.9 

n 

-72 

-72 

* See  Page  42 

WADC  TR  54-62 

44 

tmnmrn  «i*M!«.«in»»iwwr  »tr^ 
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TABLE  XLU.  TR  - Teapcrat'ore  Retractioo  Data 


i 


t 


t 


*»• 


Teaiperaturs  d&ta  In  Blniw  degrees  FahrsnbelL  for  percentage  retractiona  (T>3>  1-3 p 
etc.)  Indicated. 


Black 

x-3 

, Til 

T-10 

T-20 

T-4o 

T-60 

MO 

T-80 

T-90 

MAF 

55 

„ 

89 

82 

76 

72 

57 

67 

63 

60 

55 

43 

r 

45 

- 

89 

81 

76 

73 

71 

68 

66 

62 

58 

47 

II 

35 

> 

88 

84 

80 

1 f 

evi. 

72 

69 

65 

60 

51 

KPC 

55 

88 

84 

81 

76 

73 

71 

67 

83 

58 

53 

36 

tl 

45 

- 

88 

85 

79 

74 

72 

68 

64 

62 

55 

4l 

It 

35 

m 

87 

83 

79 

74 

72 

69 

65 

62 

56 

42 

SAF 

55 

- 

84 

82 

74 

70 

65 

62 

58 

53 

45 

30 

It 

45 

87 

85 

81 

75 

71 

67 

63 

60 

54 

47 

27 

n 

35 

. 

87 

84 

80 

76 

72 

69 

65 

62 

54 

36 

1.  VARIABI£  ZIHC  OXIUE  III  BUTXL 


Forasila 


oa-i  18 
MAF  Black 
Captox/Toada 
(1:2  Blend) 
Sulfur 
Adlpol  2 EE 
Zinc  Oxide 
Curing  teogperatxire 


100. 

55. 

1.5^^ 

2. 

20. 

Tariable 

287^. 


V/tBC  TR  54-62 


45 


i 


I 


! 


• B"|- Wllir'  i 


XABI£  XLIIl. 


Parts  Zinc  Oxide 
Per  100  OR-I 


10  Min. 


20  Min. 


10  Min. 


60  Min. 


sr  square  inch 


3 

175 

525 

675 

000 

875 

5 

l6o 

5*»0 

680 

825 

910 

10 

150 

5C0 

650 

800 

900 

20 

ICO 

450 

625 

800 

875 

Tensile  9 Break  - 

Pounds  per  as 

uare  inch 

i 

f. 

3 

650 

1975 

1825 

1725 

1625 

5 

1070 

1910 

1870 

1750 

1650 

10 

1150 

1750 

1625 

1650 

1650 

f 

20 

900 

1675 

1650 

1675 

1550 

stion  6 Brenh  ->  Per  cent 


3 

775 

710 

650 

580 

5*»0 

5 

800 

680 

6k0 

565 

515 

10 

870 

645 

580 

535 

505 

20 

935 

^0 

595 

550 

510 

Tear  - Pcunda 


if: 

3 

103 

203 

200 

178 

160 

5 

150 

236 

200 

174 

169 

10 

133 

226 

21B 

198 

167 

20 

107 

216 

199 

194 

192 

Hardzii^ss  (Shore  Duroaeter 


3 

36 

44 

46 

49 

51 

5 

37 

44 

47 

49 

51 

10 

37 

V5 

48 

50 

52 

20 

38 

44 

48 

51 

52 

VADC  TS 


€ 1 

jj 


TABLE  XLIV, 


Rebound  (Ooodye»x-Ee«ly)  60  Min.  9 287®P. 

Eabrlttleaent  (Anerlsan  Cyanuiid-CfaraTeB)  60  Min.  9 287^, 

TR  (40^  Retraction  - Original  Elongation  505t)  60  Min.  © 287°F 


Parts  Zinc  Oxide 
Per  100  (»-I 


Rebound 

Eahrittleisent 

TR 

OK  @ -67OC, 

-.63OC 

58.4 

" -71 

-69 

57.9 

" »63 

-69 

56.9 

" -63 

-69 

TABIE  XLV.  xR  = Te;is«rature  Retraction  Data 


Temperature  data  in  ainus  degrees  Fahrenheit  for  percentage  retractions  T->^, 

etc.)  indicated. 


Parts  Zinc  Oxide 
Per  100  G«-I 


T-60  T-70  TJVv  T-90 


3 

89 

87 

83 

78 

68 

63 

60 

58 

55 

3k 

5 

89 

85 

82 

75 

68 

69 

6k 

58 

55 

51 

10 

89 

87 

85 

76 

72 

69 

66 

53 

58 

52 

20 

89 

87 

85 

76 

72 

69 

66 

63 

58 

53 

MADC  IR 


■ r-ii- 


J.  VAR1ABI£  XSOFSEKE  COSIEII  JX  BUSSTL 


ForonlA 


Butyl*  100. 

Zlcc  Oxide 
MAF  Bluek 

Captax/Paads  1.5l» 

(1t2  Blestd) 

Sulfur  2. 

Adipol  2 EH  20. 


* Grades  of  butyl  lurestifiated  •trs  follows: 

% iBasarejut 


CR-I  55 
(S-1 

m-i  15 
(s-i  25 


TkBlZ  XLVI. 

Per  Cent 

Butyl  Isoprene  10  Min.  20  Min. 


Modulus  C 3001^  - Pounds  per  square  Inch 


GR-l  35 

l.Ojt 

HC 

325 

(S-I 

2.0 

250 

450 

®-I  15 

2.5 

250 

575 

®-I  25 

3.0 

lM)0 

700 

Tensile  % Break  • Pounds 

per  square  Inch 

®-I  35 

1.0?t 

3C 

1525 

®-l 

2.0 

125«i 

1750 

®-l  15 

2.5 

1450 

1725 

®-l  25 

3.0 

1525 

1600 

Elongation 

9 Break 

- Per 

cent 

®-l  35 

1.0^ 

NC 

730 

®-I 

2.0 

800 

720 

®-I  15 

2.5 

820 

885 

®-l  23 

3.0 

780 

625 

KC  indicates  no  cure. 

WADC  TR  5*^-62 


1.0 

2.0 

2.5 

3.0 


30  Min. 

45  mn. 

60  Min. 

425 

550 

650 

550 

750 

875 

750 

900 

1025 

850 

1050 

1150 

1600 

1600 

1775 

1750 

1650 

l6cc 

1750 

1575 

1575 

1500 

1450 

1425 

675 

650 

615 

675 

565 

515 

635 

515 

460 

530 

425 

375 

ke 


t(k' 

f. 

k 


t 

% 

'■K 


TABLE  2LYI.  (Contd. ) 
Butyl 


Per  Cent 
leoprene 


10  Kin. 


?0  Min. 


30  Min. 


^5  Min. 


60  Min. 


Tear  - Pouada  per  inch 


GR-1 

35 

i,oi 

HC 

199 

236 

238 

216 

(S-1 

2.0 

210 

240 

236 

222 

184 

GR-I 

15 

2.5 

218 

226 

220 

l3l 

163 

<H\-I 

25 

3.0 

246 

212 

194 

172 

160 

Bardness  (Shore  Ouroaeter  Type  . 

a 

GB-I 

35 

1.0?t 

EC 

39 

42 

44 

46 

CS-I 

2.0 

3S 

ka 

46 

48 

49 

GS-I 

15 

2.5 

4o 

46 

48 

51 

42 

(Si-I 

25 

3.0 

42 

47 

49 

52 

55 

TABLE  XLVII. 


Rebound  (Goodyear-Bealy)  6o  8 267^* 

£iA>rittleaent  (Aaerican  Cyanamid^CraTes)  60  % 

TR  (40^1  Retraction  - urigloal  Elongation  60  8 28?^. 


Butyl 

Per  Cent 

Isoprene 

Rebound 

Esibrittlenent 

ra 

(®-I  35 

1,0% 

49.1^ 

-71°?. 

-6fi®F 

GR-I 

2.0 

52. 

-71 

-67 

GR-I  15 

2.5 

54.9 

-71 

-68 

OR-I  25 

3.0 

59.0 

-72 

-70 

TIi  at  40^  Retraction  - Coaparlron 

of  yersus 

State  of  Cure 

20  Min. 

30  Min. 

45  Min. 

60  Min. 

QS-I  35 

1.0^ 

-639F. 

-67®F. 

-eePy, 

-68®P. 

GR-1 

2. 

-64 

-68 

-68 

-67 

CK-I  15 

2.5 

-66 

-69 

“69 

-68 

®-l  25 

3.0 

-68 

-71 

-71 

-70 

Sabrittleoent 

- Couparlson  of  ysrsus  State 

of  Cure 

G»-I  35 

1.0^6 

-65®p. 

-67°P. 

-69®?. 

-71®P. 

GB-1 

2. 

-69 

-67 

-69 

-71 

QR-I  15 

2.5 

-69 

-67 

-69 

-71 

CR-1  25 

3.0 

-68 

-71 

-71 

-70 

Procs  this  data  it  i>  noted  that  yariation  o(f  TR  and  Eatorittle«nt  at  different 
states  cf  ctire  is  very  slight  in  butyl  cooq^unds.  Therefore,  unless  extreae 
conditions  in  cure  rate  are  encountered,  coeg^lsons  based,  on  a single  cure  are 
adequate. 

MC  indicates  no  cure. 


WABC  TT.  54*  62 


h9 


TABIX  XLVIII . TR  - Teis)erature  Retre^tlon  Data 


Temperature  data  In  minus  degrees  Fahrenheit  for  percentage  retractions  (T-5, 
T-IC,  etc.)  Indicated. 


Butyl 

Isoprene 

T-5 

T-10 

T-20 

T-30 

t-4o 

T-50 

T-60 

M2 

T-80 

M2 

i 

20  a 2&l^\ 

* 

' ffl-I  35 

1.0 

96 

82 

74 

68 

63 

56 

45 

35 

19 

/ 2 

\ GR-I 

2.0 

fts 

81 

74 

69 

64 

60 

54 

45 

33 

12 

ca-i  15 

2^5 

76 

71 

66 

63 

57 

51 

42 

23 

; CB-i  25 

5.0 

87 

83 

78 

72 

66 

64 

61 

45 

49 

33 

30  6 287°F. 

GR-I  35 

1.0 

87 

33 

78 

72 

67 

63 

56 

45 

33 

12 

GT.-! 

2.0 

86 

82 

77 

72 

66 

65 

60 

54 

4l 

24 

GR-I  15 

2.5 

87 

83 

78 

73 

69 

66 

62 

58 

49 

31 

G«-I  25 

3.0 

87 

84 

80 

74 

71 

67 

65 

60 

54 

40 

t 

45  « 287®F. 

^ GR-I  35 

1.0 

87 

83 

77 

72 

66 

64 

59 

53 

44 

27 

[ GR-1 

2.0 

86 

82 

76 

72 

68 

64 

61 

55 

48 

33 

\ CR-I  15 

2.5 

87 

83 

77 

72 

65 

66 

62 

58 

53 

41 

y GR-I  25 

3.0 

87 

86 

79 

74 

71 

67 

63 

61 

55 

44 

1 

» 

6o  S 287®F, 

‘ GR-I  35 

1.0 

oT 

63 

76 

72 

68 

63 

59 

52 

44 

26 

!l  GR-I 

2.0 

86 

81 

*7C 

1 ^ 

71 

67 

63 

60 

54 

48 

34 

\ GR-I  15 

2.5 

86 

82 

75 

72 

68 

64 

61 

56 

51 

41 

} GR-I  25 

5.0 

87 

83 

76 

72 

70 

65 

63 

59 

53 

44 

Fomula 


K.  I’EROXIDE  CURATIVES  15  BUTYL 

A 

B 

C 

CR‘l  18 

100. 

ICO. 

100, 

Philolsjck  £ 

»^5. 

45. 

45. 

Zinc  Oxide 

5- 

5. 

5 

Butyl  CellosolTe  Pelargoonte 

10. 

10. 

10. 

Nonoplex  DCS 

10. 

10. 

10, 

2 Ethyl  He:Qrl  Ether 

].0. 

10. 

10 

Captax/Tuads 
(1:2  Blend) 

1.5^ 

“ 

Dll^nzo  CMF 

- 

6. 

6, 

Red  Lead 

- ■ 

10. 

10. 

Polyac 

- 

1. 

- 

Sulfur 

o_ 

183.54 

200. 

199 

A.  Standard  euratlTe  - organic  accaleratlon. 

B.  Peroxide  euratlTe  and  Polyac. 

C.  Peroxide  euratlTe  without  Folyac. 


TABL&  XLIX« 


Formula  Mia. 


A 

BC 

BC 

BC 

BC 

BC 

175 

250 

350 

450 

B 

75 

325 

voo 

625 

650 

775 

850 

850 

925 

C 

■c 

50 

275 

425 

475 

650 

650 

725 

750 

Tensile  @ Break  --  Pounds 


square  inch 


A 

BC 

BC 

BC 

BC 

BC 

2150 

2400 

2400 

2350 

B 

400 

775 

1300 

1475 

1325 

1200 

1350 

1375 

1325 

C 

BC 

375 

1175 

1400 

1500 

1400 

1400 

1350 

l4oo 

stlon  6 Break  - Per  cent 


A 

BC 

BC 

BC 

BC 

BC 

865 

855 

715 

705 

B 

885 

675 

510 

475 

445 

365 

370 

425 

385 

C 

5C 

840 

630 

545 

515 

445 

455 

455 

445 

Tear  - Pounds  per  inch 


A 1C  IC  BC 

B 51  95  139 

C BC  116 

Eardmass  (Shore  Duroaeter  Type  A 

A BC  1C  1C 

B 30  32  4l 

C BC  26  35 

BC  indicates  no  cure. 
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BC  IfC 

167  129 

171  Ikl 


TABLE  L. 


Hebound  (Qoodyear-Healy)  6o  9 237^* 

E^brlttlenent  (Aaerlcan  Cyeoamld-Qraves)  60  9 287^. 

TR  Retraction  - Original  Elongation  tK)^}  60  9 28'7^. 


Foraula 

Rebound 

Eabrlttleaent 

TR 

A 

60.05t 

OK  9 -80°?. 

-8i°f. 

B 

60.0 

-81 

-79 

C 

57.9 

••  -80 

-78 

TABLE  LI. 


Moonoy  Scorch; 


KS  9 250^. 


Minutes 

Foraula 

A. 

B. 

c. 

1 

13 

22 

2 

12 

25 

Ik 

3 

12 

Src 

13 

k 

11 

33 

3.3 

5 

11 

36 

Ik 

6 

11 

39 

15 

7 

11 

kl 

15 

8 

11 

kk 

16 

9 

11 

k6 

17 

10 

11 

kd 

18 

11 

JJ2 

50 

18 

12 

12 

21 

13 

12 

23 

Ik 

12 

26 

15 

13 

31 

16 

13 

36 

17 

13 

ko 

Id 

ik 

kk 

19 

Ik 

k7 

20 

15 

51 

21 

16 

22 

17 

23 

18 

2k 

20 

25 

23 

26 

27 

27 

30 

28 

33 

If  the  aeotreh  ttae  Is  taken  as  tke  tive  required  to  reach  a 
rlseoslty  of  $ points  greater  than  the  alnlaua,  then  scorch  tine 
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A 

B 

c 


21  alnutes 
2^  alnutes 
10  alnntes 

52 


isi 


TABLE  Lll 


TR  - Tfaperfttura  R»-fer«etloa  Data 


Te^peratore  data  In  alBiis  dagrees  fataramtel-t  for  2^reent4iga  ratraetlons  (x-10,  t~20, 
ato.)  indicated. 


Focrcula 

T-10 

T-gQ 

1:I& 

T-i»0 

T-50 

T-60 

Sll? 

t-Bo 

T-90 

A 

87 

86 

83 

81 

77 

73 

67 

57 

31 

B 

88 

86 

83 

79 

7k 

67 

58 

ifl 

7 

C 

'-'I 

35 

82 

78 

72 

65 

3k 

35 

/3 

Tine  llaitatlons  on  this  contract  did  not  perait  ohtainine  TB  data  after  k veeks 
algration  at 
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L.  Hica9[  TEMPERATURE  ()»CO<^0  FROCESSIK 


Foraula 


A 

B 

C 

(S-1  18 

100. 

ICO. 

100. 

Philblack  E 

4o. 

40. 

40. 

Polyac 

- 

0.4 

0.4 

Stearic  Acid 

> 

0,4 

0.4 

Zinc  Oxide 

5. 

?'• 

5. 

Monoplex  DOS 

25. 

25. 

25. 

Captax/Tuads 
(1:2  Blend) 

1.54 

1.54 

l.fA 

Sulfur 

2. 

2. 

2. 

173.5^  17^^.3*^  17^.3'^ 


Reaarka: 

On  A and  B the  preparation  and  handling  of  hatches  vaa  exactly  as 
described  in  this  report  in  the  section  "Testing  Methods  and  Procedures."  Discharge 
teaperatures  of  the  batches  frca  the  Banbury  sixers  were  22O^Zy0f^» 

Poraulation  for  C is  identical  to  B the  difference  betveen  these  t«o 
being  in  nixing.  Method  of  handling  C follows:  The  initial  nix  consisted  of  a | 

sasterbatch  which  was  processed  in  the  Banbury  at  hi^  temperature.  Foraula  for  | 

this  aasterbateh  is:  | 

OR-I  18  100  or  80  I 

Fhilblaek  E ^ kO 

Polyac  0.$  O.h 

Stearic  Acid  0.^  0.4 

This  batch  was  nixed  in  the  laboratory  Banbury  tor  10  ainutes  after 
batch  teaperature  had  reached  400^F.  Orerall  nixing  tine  tor  this  batch  was  I6 
ainutes.  Stearic  Acid  was  added  Just  before  batch  discharge  in  order  to  assist 
in  lubrication  and  prerent  sticking  idiile  resheeting.  After  two  bourn  for  cooling, 
the  batch  was  reniUed,  again  in  the  Banbury,  but  in  this  step  at  nomal  procesuing 
temperatures,  200-220^.  In  this  step,  additional  GB-I  iS  was  added  in  order  t;t 
reduce  black  content  froa  30  parts  per  100  CBR-I  I6,  the  concentration  used  in  the 
hot  nix,  to  40  parts  per  100  GR-I  I8  idilch  is  the  concentration  in  the  f ini  nix. 

At  this  stage  plasticizer  and  siiM  oxide  were  added.  After  allowing  two  to  four 
hours  foi"  cooling  the  batch  was  finished  by  regular  procedure,  that  is,  sulfur 
and  accelerator  added  on  6 x 12  mill.  It  should  be  nentloned  that  the  abore 
nsthod  of  processing  butyl  rubber  is  on  reconaendations  smpplied  by  Esso 
Laboratories.  This  nethod  of  processing  purported  to  result  in  isprowed  physical 
projwrties. 
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TABLE  UII. 


yorouls 


10  Min. 


20  Min. 


30  Mia. 


45  Min. 


60  Min. 


Modul'is  @ 


. Pounds  p«r  squaire  Inch 


Tensile  d Break  - Pounds  per  sc 


Elongation  d Break  - Per  cent 


Tear  - Pounds  per  Inch 


as^.  ■ 

V%‘*. 

^ I 
¥'  \ 


I 

I 

^1-  4 

i 

irT  i I 

I 


Hardness  (Shore  Durcaeter  Type  A) 

A 30  3(6  39 

B 32  37  4l 

C 25  34  36 

Re'oound  (Test  piece  2"  x 1"  x 1")  cured  60  Min.  9 287^P. 

i Reboxuad 

P.ooiB  TeBg>er>tnre  9 212°F. 


Shore  Hardness* 

9 Roonii  7e«p.  9 212^. 


A 

55.4^( 

16.3$ 

42 

42 

B 

57.9 

76.9 

42 

4o 

C 

59.0 

77.5 

40 

Ti! 

* This  data  obtained  on  2"  x 1"  x 1”  blocks.  Shore  Hardness  on  thicker  test 
pieces  is  usually  a point  or  sore  lower  than  the  data  obtained  on  tensile  sheets. 
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TABLE  LTV 


PbyBical  PropertieB  at  212°y. 


Ferula  10  Min.  20  Min.  30  Min.  ^5  Mla«  6o  Min. 


MexiuluB  % 300it  - PouadB  per  8«iu»ye  inch 


A 

25 

125 

200 

300 

350 

B 

75 

200 

250 

375 

475 

C 

- 

175 

275 

425 

575 

Teaelle  9 BrB>k  - PoualB  per  Bgomre  Inch 


A 

300 

975 

925 

575 

575 

B 

475 

975 

825 

700 

675 

C 

- 

750 

725 

675 

700 

Eloxiaatlon  9 Break  - Per  Cent 


A 

900 

950 

770 

470 

V15 

400 

B 

1000 

795 

585 

350 

C 

- 

615 

475 

380 

325 

Tear  - 

A 

PounilB  per  inch 

107 

134 

138 

126 

135 

B 

129 

155 

150 

117 

130 

C 

m 

120 

U3 

133 

101 
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TABLE  LV. 


Rebound  (Goodyear-Healsr)  6o  6 287*^-. 

Enbrittleaunt  (American  CTannald-OraTes)  60  9 287^. 

'fR  (10^  Retraction  - Original  Elongation  ^0^)  60  9 287^. 


Foraula 


Rebound 


A 

B 

C 


35  M 

57.9 

59.0 


Eabrittleaent 


TR 


OK  @ -71°F. 
" -71 

" -76 


-73°i. 

-75 

-76 


TABI£  LVI . TR  - TeBg>erature  Re’traction  Data 


Tea{>eraturc  data  in  ainuB  degrees  Fahrenbait  far  percentage  retractions  (T-1,  T-2, 
etc.)  indicated. 


Foraula  T-1 

T-2  T-3  T-5 

T-IO 

T-20 

T-30 

tammmmrnam 

T-to 

T«>50  T-60 

T£iO 

T»90 

T-90 

A 

- 

- 

- 

88 

86 

82 

78 

73 

69  65 

61 

54 

33 

B 

- 

- 

- 

88 

86 

83 

80 

75 

71  67 

62 

55 

>iO 

C 

- 

- 

- 

83 

87 

83 

81 

76 

72  67 

63 

56 

4l 

TR  - 

Teagpemt) 

'jrm  Retraction  1 

sTter 

k weeks 

aigration  9 

1589f. 

A 

66 

85 

81 

78 

71 

• — 

62 

56 

5^ 

47  1*3 

36 

27 

0 

B 

- 

68 

86 

82 

7V 

66 

61 

57 

1*3 

35 

18 

C 

86 

85 

81 

7*^ 

66 

61 

57 

55  1*9 

1*4 

36 

22 
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M.  TOLATILEP?  OF  PLASTICIZERS 


TABLE  LTEI, 


Data  Indicates  per  cent  of  plasticiser  lost  or  Tolatilized  under  cosditious 
indicated. 


Plasticizer 


Coipounded  Stock 


Plasticiser  5 Hours  g 325°F.  70  Hours  & 212**F. 

Parts  Plasticiser 


48  Hours  8 300*^. 


Per  100  (Sl-I  18 

15 

20 

?«? 

30 

15 

20 

25 

30 

Forua  40  Oil 

h5.S$ 

Ut\  ft* 

•rw.X/i 

39.0* 

42.7lt 

- 

83.2^ 

Qk.ii 

87.  lit 

- 

C.  P.  Hall  3890-A 

7<2 

“ 

10.5 

10.8 

10.4 

- 

76.8 

93.4 

86.7 

Adipol  2 EH 

22.2 

- 

53.6 

45.3 

34.5 

“ 

97.7 

93.7 

97.0 

10«A  Plasticizer 

17.1 

- 

39^4 

39.9 

27.0 

m 

95»7 

r>r»  0 

96.8 

Oi  2 Ethyl  Hexyl  Ether  99*1 

- 

46.4 

44.5 

- 

- 

77.2 

66,6 

a* 

Trioctyl  Phosphate 

39el 

48.5 

29.7 

- 

- 

71.8 

75.1 

- 

Butyl  CellosolTe 
Pelargonate 

96.2 

- 

41.2 

39.6 

- 

- 

88.6 

88.0 

Butyl  Carhitol 
Pelargonate 

96.4 

68.6 

45.5 

- 

- 

85.5 

70.2 

- 

Diisobutyl  Azelate 

98.8 

- 

65.5 

78.1 

- 

33.4 

90.0 

- 

Konoplex  DOS 

5.5 

0.0 

0.0 

- 

43.2 

46.4 

Hexyl  Ether 

100. 

21.1 

25.1 

24.1 

30.7 

Coaqpounded  stock  for 

Tola-'-ility  tests  cored 

60  9 

287®F. 
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N.  'MIGBATIOH  OF  PLASTIClZiBS 


TABLE  LV7.II 


tw^eratare  158°F. 

OT  '£Sl«»Ct!  2"  X 1" 

Migration  pr«8«ur«c  1 kllogr<ia/eq,  in. 

Cure  of  stock  6o  ® 287®F. 

Data  show  $ pla«.ticizer  lost  through  aigration  after  nuaber  of  de; 


indicated. 


Plasticizer 


Parts 

PER  100  _ 
GB-I  1 


rs  Migration 

L_  L_ 


m i 


Forua  40  Oil 

15 

14.6)( 

22.8^ 

27.6lt 

32.2^t 

41.951 

51.0^ 

56.05^ 

57.95^ 

U II  tf 

20 

12.6 

17.2 

2J..2 

25.1 

31.7 

44.6 

48.1 

49.9 

ft  «i  19 

OK 
— ✓ 

ie.6 

25.7 

29.8 

33.9 

43.9 

57.1 

61.S 

^.0 

C.  P.  Hall  3890-A 

20 

9.4 

27.1 

32.8 

26.0 

48.7 

60.5 

62.2 

62.4 

19  tl  R R 

25 

15.1 

27.9 

31.8 

36.1 

51.2 

62.7 

68.7 

70.0 

tl  tl  tl  Ml 

30 

7.1 

10.8 

16.2 

18.8 

24.8 

44.0 

48.3 

53.4 

Adipol  2 £H 

20 

14,8 

25.8 

35.0 

45.5 

59.3 

71.3 

78.0 

80.0 

tl  tf 

25 

23.9 

32.8 

41.8 

47.8 

58.5 

71-1 

74.6 

75.5 

It  •• 

30 

17.2 

35.6 

45.8 

52.1 

63.0 

72.4 

74.0 

74.4 

10-A  Flasticlxer 

20 

23.8 

33.8 

42.0 

47.4 

58.9 

70.0 

73.8 

74.5 

tl  M 

25 

17.8 

29.1 

36.0 

40.5 

53.7 

63.7 

68.4 

69.0 

ft  tl 

30 

22.0 

30.1 

33.9 

40.2 

49.7 

57.2 

60.7 

62.0 

Di.  2 Ethyl  Hejcyl  Ether 

20 

9.5 

12.7 

14.6 

15.1 

14.8 

14.4 

12.6 

11.4 

II  II  11  tl  ft 

oc 

A R 

11.7 

13.2 

14.1 

14.1 

13.3 

11.7 

10.6 

Trioctyl  Phosphate 

20 

n.T 

22.7 

27.3 

32.1 

42.0 

55.0 

60.2 

61.4 

tl  tl 

25 

15.8 

28.1 

32.5 

36.7 

47.6 

58.5 

63.0 

64.0 

Butyl  Cellosolve 

6.8 

Pelsrg. 

20 

8.5 

10.3 

11.0 

u.,.3 

10.5 

8.7 

5.5 

II  99  II 

25 

8.5 

11.4 

12.3 

12.9 

12.8 

12.3 

13.3 

9.9 

Butyl  Carbitol  Pelarg. 

20 

10.1 

13.5 

14.6 

15.1 

15.2 

17.6 

13.6 

12.6 

tl  It  H 

25 

11.1 

15.1 

16.6 

17.4 

18.3 

18.4 

18.0 

17.4 

Diisobutyl  Axelate 

20 

19.2 

27.3 

31.5 

33.8 

36.8 

37.1 

36.0 

34.8 

tl  19 

25 

22.2 

30.6 

34.0 

36.0 

37.8 

37.5 

36.5 

35.4 

Moooplex  DOS 

20 

16.7 

23.0 

25.2 

27.5 

41.3 

54.6 

62.5 

66.5 

tl  tl 

25 

16.7 

20.9 

23.5 

27.5 

41.8 

68.5 

73.0 

74.6 

Hexyl  Ether 

20 

IS.I 

20.1 

20..  5 

2P.5 

lp.5 

17.7 

16.8 

16.3 

tl  It 

25 

18.0 

20.0 

20.6 

20.6 

18.9 

18.1 

17.5 

17.3 
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0.  MIGSATIOH,  EFFECT  OF  OS  LOW  TQ4FERArORK  FBOFERTIES 


TABLE  LVIX. 


Mlgiratlon 

Parts  Pj 

5r  100 

Embrittlement  OK 

Loss  ‘j/a  of 

RHC 

e ®F. 

TR  °F. 

Plasticizer 

Plasticizer 

Before 

After 

Before 

After 

Before 

After 

Forum  hO  Oil 

36.7 

15 

9.5 

54 

56 

57 

55 

It  »t  U 

1».1.0 

20 

11.8 

62 

53 

58 

56 

ei  It  It 

'♦4.4 

25 

14.0 

62 

56 

61 

56 

C.  P.  Hall  3890-A 

56.8 

20 

8.6 

54 

53 

67 

53 

ft  It  ft 

61.6 

25 

9.6 

72 

53 

70 

53 

Adlpol  2 EH 

56.2 

20 

8.8 

72 

53 

71 

58 

tl  It 

56.6 

25 

10.9 

72 

53 

72 

58 

10-A  Plasticizer 

51.8 

20 

9.6 

72 

56 

74 

58 

M M 

57.4 

25 

10.7 

74 

56 

72 

58 

D1  2 Ethyl  Hexyl  Ether 

30.0 

20 

l4.0 

78 

56 

76 

s6 

It  It  It  II  ct 

27.4 

25 

18.2 

76 

56 

74 

53 

Irloetyl  Phosphate 

67.0 

20 

6.6 

63 

56 

70 

54 

tl  tt 

69.2 

25 

7.7 

76 

56 

72 

56 

Bntyl  Cellosolwe  Pelsrgonate  39 «0 

20 

12.2 

72 

56 

74 

56 

« tl  <? 

44.4 

25 

l4 

78 

53 

77 

56 

Butyl  Carbltol  Felai.gonat«  30.? 

20 

9.9 

72 

56 

67 

58 

n tl  tt 

52.8 

25 

11.8 

76 

56 

67 

60 

Olisobntyl  Aselate 

56.4 

20 

8.7 

72 

56 

66 

62 

N It 

56.8 

25 

10.8 

72 

56 

68 

60 

Monoplex  BOS 

56.0 

20 

8.3 

67 

62 

TO 

60 

tt  It 

83.2 

25 

4.5 

72 

62 

73 

60 

Hexyl  Ether 

8.9 

20 

18.2 

71 

53 

72 

54 

W ri 

13-8 

25 

21.6 

74 

56 

72 

56 

So  plasticizer 

0 

0 

0 

45 

54 

45 

54 

Im 


Mote:  migration  tests  on  6"  x 6"  tensile  sheets.  It  will  be  noted  that  migration 
loss  on  6 X 6 sheets  falls  to  agree  with  the  data  obtained  on  2”  x 1" 
pieces,  data  on  which  Is  shown  In  Section  B. 
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Armed  Services  Technical  iRforination 
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Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WKEN  IT  HAS  SJSRVED 
YOUR  PURPOSE  50  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHE:?!  lUTA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLDJD  TEE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  L3  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCEN3ING  THE  HOLDER  OR  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MjLMUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  TKATTAAY  IN  ANY  WAY  BE  RELATED  I HERETO. 


